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! (PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 
MR. SCOTT: Mr. Genest has 

something that he'd like to deal with first, Mr. 


Commissioner. 





MR, GENEST:; In the dast 


session a number cf undertakings to provide informa- 





tion were given by me, and I thought it might be a 


convenient time to do some tidying up. 





I have given copies of these 
documents to the Commission secretary, and I believe 
some copies have been placed on your desk, sir. The 
first matter was a sheet entitled: 

"Drill Hole Data for Pipeline Routing In 


Yukon and Northwest Territories, incorporating 








the East Fort Simpson amendment and cross-delta 
alternative." 
That was requested by Mr. Scott, and I suggest the 
best way to deal with it is perhaps--its in tabular 
form, if we could just mark it as an exhibit, Deethat 


is satisfactory. | 





THE COMMISSIONER: Certainly. 
(DRILL HOLE DATA FOR PIPELINE ROUTING IN YUKON | 
& NORTHWEST TERRITORIES, INCORPORATING EAST FORT 


SIMPSON AMENDMENT & CROSS-DELTA ALTERNATIVE MARKED 





EXHIBIT "987) 





MR. GENEST: Then we were 
asked to, I believe by you at page 2744 of the trans- | 


cript, as to whether there was a report as to @ 





ay oS, eens Seabee tiles 
test ody nt oa om. | 
hamtotns shivexq of epridstrebav 2 | ft iene 
kied Sdedm 54 sitowortt £ eam me 1 neve 
- qu pay bt amoe i ac sneinaenos 

deen? to ebiado foviy sed Tt | | 
aveattod f Bae alah ronsiawed a oto ad remo 
eit .xtie  »Hxeeb tg6y Mo paowlg aid on soe 
rbetdivas daede a 292 08 tart 

at priteot enitagit aedoaed hanamanl 

pakds=catoons Sobre ea 
siilab-seoin brat Srreewnhopv ame nomen: 0 aioe ott 
"evignarcs Ls 








aid seeupia I bas .t008 iN yd) bedaeupe: asw sent 


asivdss' at etim-mgsdisg, bi af Afton Loeb os yew teod 


sane 2%. jake iat weenie ahem deur: biveo ew ti ymrat 


Weapateizey wh 
winked ‘AIMOLRRIMMOD AB | S 


uowuY us outnuoR snanMrs nok aataa) 
TROY TRAM oMETAROGHODMT . ‘TeswEIOM 3 





ASLAN even rb a : 


' 
| 
. 
| 







sew OW moi? jeans ol ie sh 
race: Ae Sei ie a 
8 8 Ge sxogen-a meme aati 


28 satan eit 











ALLWEST REPORTING LTO. 
BURNABY 2, B.C. 




















reconnaissance of the Pointed Mountain line, and we 
were asked to look up our list of documents. We have 
done so. It is item 104 on our list of documents. We 
have it available. Mr. Bell was interested in the 
subject matter, and I have advised Mr. Bell that he 
can look at the report in our library up here. 

The next matter, sir, isa 


little more extensive, and it arises out of questions 


asked by you at page 2723 of the transcript, and perhaps 
| 


to introduce it properly I should just read the 
exchange that took place, it is found in Volume 23 on 
March 21st, and Mr. Clark was testifying and you 
Said, sir, and I quote: 
"I take it at the moment you are not really 
able to give me any specific instances where 
the route was moved owing to the necessity of 
avoiding an environmentally sensitive area?" 
The answer was: 
"I can think of a couple of examples, and 
they've already been discussed, of pretty 
large movements, but the alignment sheet work, 
for instance the give and take, I can't recall 
those from memory, I can recall it happening 
and I can undertake to look at records that 
are available." 
And you then said, sir: 
"Yes, I think I would appreciate it if you 
would because you and your colleagues will be 
back again in April." 


And Dr. Clark has obtained the necessary information 
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and I thought if it was convenient I would get him 
to deal with that matter now. He has brought the 
alignment sheets and I have again placed with the 
Commission secretary some three documents, the first 
entitled: 
"A Brief Summary of Environmental Concerns 
and Route Changes arising from April 9-13th 
Meetings." 
A second sheet headed: 
"Geotechnical Considerations relative to 
route changes made following the April 9-13 
Meetings," 
and the third sheet entitled: 
"Additional changes in routing made to 
avoid conflicts with Mackenzie Highway or 
to improve compressor station locations." 
(BRIEF SUMMARY OF ENVIRONMENTAL CONCERNS & 
ENGINEERING RESPONSES & ROUTE CHANGES ARISING 
FROM APRIL 9-13 MEETINGS, MARKED EXHIBIT 88) 
(GEOTECHNICAL CONSIDERATIONS RELATIVE TO 
ROUTE CHANGES MADE FOLLOWING APRIL 9-13 


MEETINGS MARKED EXHIBIT 89) 





(ADDITIONAL CHANGES IN ROUTING TO AVOID CONFLICTS | 


WITH MACKENZIE HIGHWAY OR TO IMPROVE COMPRESSOR 
STATION LOCATIONS MARKED EXHIBIT 90) 


JOHN IVOR CLARK, 

GARRY WOOD HOLLINGSHEAD, 
EDWARD CHARLES McROBERTS, 
WILLIAM ALEXANDER SLUSARCHUK, 
NORMAN REUBEN MORGENSTERN, 
RICHARD H. COOPER, 

R.H. HARDY, 

GUY LESLIE WILLIAMS, resumed: 
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Slusarchuk ,Morgenstern,Cooper, 
Hardy, Williams 


MR. GENEST: 

If I could ask Dr. Clark) 
to deal with these now briefly so as to make them 
intelligible? 

WITNESS CLARK: These alignment 
I will 

sheets that I have here, Mr. Commissioner, which/turn 
Over to Mr. Genest, are copies of the alignment sheets 
that were sent to the environmental consultants prior, 
to the April review in 1973. We have marked on these in 
red, = | 
THE COMMISSIONER: Prior to the big meeting? 
A Yes sir. | 
Q Between your engineering 

people and your environmental people? 

A Yes,that was the April 
| 
sent out and while they were reviewing them, to suggest 


9th to 13th meeting, and we marked on these in red 


the changes that were made. Now, when these were 


changes that they might see appropriate, we were also | 
continuing with our own review. However, no changes 
were made until the meeting, and following the 
April 13th meeting there were a total of 31 changes 


on these sheets that were considered. 13 of these 


were at the direct suggestion of the environmental 





people involved. The remainder were those changes that) 
our geotechnical people had suggested on the basis of 
terrain. Generally pitied the Stability, and they 
were then discussed, the changes were made, and the 


13 that were suggested by the environmental group, six 
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changes were made, and of the other seven it was 


either not technically feasible to make the change or 


that further study of that particular concern had put the) 


concern to rest. 


Now about the same time or | 
shortly after, before te alignment sheets that were filed 
were completed, we also made a further five changes 
with respect to the proposed Mackenzie Highway to 
avoid conflicts, and these were incorporated and also | 
marked in red here, so that the red lines on this | 


particular documen.t coincide with the alignment sheets 


that are filed, and have been examined here as an 





exhibit. | 
MR. GENEST: Lom sOrny, . Dis. iCLark., 

the red on the alignment sheets that was added shows 

the change that took place. 


e 


A Shows the change that 


| 
took place. 
Q Right, and can we get 
Our paper work in order, Dr. Clark, permit me -- 





A Yes, the first piece | 


| 


that you have mentioned is the list that was drawn up | 


| 
by Mr. Watson following the April 9th to 13th | 


meeting. Now, this list is a brief summary of what 





took place and why it took place. 
The second document -- 
THE COMMISSIONER: I wonder 
just while we're at it, could the list be marked? 
Does that make sense, Mr. Genest? 


MR. GENEST: Yes, I'd like 
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| to tender it, sir. 

2 Al The tsecond “one; "Sir; at 

3 least what I'm calling the second one, sir, is the 

4 geotechnical considerations relative to those particular 

| changes. 

6 | THE COMMISSIONER: That will 

7 be marked, too? 

8 MR. GENEST: Right. 

9 
10 | 
Th | 
12 MR. GENEST: What will be 
13 the number of the first one? | 
14 THE SECRETARY: 87. 

15 MR. GENEST: 87. | 
16 MR. SCOTT: Just go that I | 
1, have them in order, has the first bore hole sheet 

18 been marked? 

19 MR. GENEST: That's 87. sb 
20 the first sheet entitled: 

21 "The following is a brief summary of the | 
22 environmental concerns etc." 

= would be Exhibit 88. 

24 : The next sheet entitled 

atl "Geotechnical considerations," | 
26 and so on is 89. 

a And what is the next sheet? | 
et WITNESS CLARK: What I'm 

e” calling the third one is the additional changes in 

at routing made to avoid conflicts with Mackenzie Highway 
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2 or to improve compressor stations location -- 


3 MR. GENEST: I think that's 


4 90. 


3 BR And either appended to | 


that, if you wish, or as a separate one is the 


[ony 


7 geotechnical considerations of those five changes, 

8 and I'd suggest that that be appended to that sheet. 
9 MR. GENEST : Well, mine is 
10 separate. I think everybody's is separate. | 


(8 THE COMMISSIONER: Let's call 





12 it 90-A. 
13 MR. GENEST: Right. 


(GEOTECHNICAL CONSIDERATIONS OF ADDITIONAL CHANGES 


h 
eal 


MARKED EXHIBIT 90-A) | 


6; THE COMMISSIONER: SO we 


17 | know it relates to 90. 


18 MR. GENEST: All right. 
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| 


Hardy ,Williams 


WITNESS CLARK: Unless you 
wish, sir, I didn't propose to read all of these into 
the evidence. I think I could draw attention to give 
examples to a few here. One would be a geotechnical 
change that occurred at that period which is shown on 
sheet 1-C-0200-1003. This is in the vicinity of the 
Malcolm River. 

Q That would be on the 
first, item 3 on Exhibit 88? 


A Item 3, I picked a 


number at random here,for example. 





Now this was a-- there were 


two changes made on this sheet. 


MR. SCOTT: What page is this 


on? 
| 


MR. GENEST: The front page 


| 
of Exhibit 88 and it's also referred to at the top | 


of page 2 of Exhibit 89. Have I got this straight? 





Exhibit 89 is the geotechnical considerations. 

A It would have the same 
number, it would be -- 

Q Yes, item 3 there, | 
sheet 1-C-0200-1003. 

A COrrect. 

Right. 

A There were two changes. | 
The first was made to avoid a poor gully crossing. 
The length of line affected by the change was 3.3 a 
miles. It added about 100 feet to that length. The | 
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NS 

2 terrain in that area was such that we move upstream, 

3 reduced our slope angles and provided an incidental | 
4 improvement on the other minor drainage ways. It added 
a One side bend and the general construction conditions 

6 | were basically unchanged. 

7 | The second change on that 
8 sheet covered a length of line of approximately 8.5 

9 miles. It added about 800 feet to that length, and it | 
10 was made to avoid slumping ice wedge polygons on the | 
2 bank of the Malcolm River. Hence there was a aed 
IQ in the potential buoyancy and stability problems. 

£3 That was, as I mentioned, ee 
14 of the changes that was recommended and accepted by | 
5 the geotechnical people who were continuing route | 
16 refinement during that period. . 

17 Now an example of a change | 
18 to satisfy an en_vironmental edrivientvantat I have | 


listed here is No. 12 on sheet 1-D-0200-1006. 
Q That's on the third 
page of Exhibit 88? 


A Yes. Now this is an 





area east of Old Crow where it was pointed out that 
the lakes west of the Driftwood River were very good 
for wots sews and the recommendation of the environ- 


mental consultants was to move the line north. The 





line was moved in accordance with the recommendations. 
The re-routing increased the length through that area 
by 0.7 miles, almost three-quarters of a mile. The 


terrain was similar but the new location had generally 





| 
| 
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1 
2 Q What number is that, sir? 
| A ThatrcisiNo. slL3; | 
4 Q 433 : 
3 A We examined that Suaaees| 
6 | tion and found that it was unacceptable satan (eae 
7 The proposal would place the line in an area of very | 
8 high buoyancy and some thermal erosion, with a much | 
9 less favorable river crossing. We felt in that in- 
10 stance that the first crossing chosen was the prefer- 
11 able one. 
we Q Sir, why did they want 
13 to move the line two miles north of Berry Creek? 
14 A The concern was with the 
15 crossing, this was noted in the minutes of the envir- 
16 onmental meeting, the notes we had read, it's a fairly 
a7 high use area for migrating caribou, moose, fur-bearers 
18 and sometimes beaver. We felt that further study | 
19 relative to the terrain where we were crossing as 
20 compared to the suggested area would cause less 
21 environm_ental impact and this was suggested to them 
22 at that second meeting. | 
23 . Now another example of a 
24 fairly major move is No. 19, sheet 1-A-0200-1003, and | 
al | 1004. This is the Holmes Creek area just south of | 
26 | Swimming Point. It was suggested that we move 
27 further from Holmes Creek, and again ae were parallell- 
ap ing the creek on ground that was of somewhat higher 
29 relief and gave us the shortest line through the 
a Swimming Point crossing. There was concern that 
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Hardy ,Williams 
1 { 
4 that was an area of high fur-bearer productivity and 
3 that we should move back from the creek. So for a | 
4 distance of about nine miles the line was re-located, : 
3 | from Milepost 25 to 34. Lateral movements up to | 
6 | three-quarters of a mile were made to avoid Baraiieliing 
e the creektoo closely. This added about 6/10ths of a 
8 mile to the length throughout there. The terrain 
9 types that are crossed are similar at both locations, | 
10 but the old location, the first one we have chosen 
11 was the best topography that gave the most direct 
12 route to the Swimming Point crossing. 
13 The new route was less favor-| 
14 -able with respect to the significant increase in poten+ 
15 tial buoyancy problems. The construction requirements | 
16 would be similar for both locations, but the new loca-| 
17 tion would require more weighting. | 
18 
19 
20 
Joh c 
22 
23 | 
24 | 
25 | 
26 
pe 
28 
29 














bas siete Hoassd-t02 pli to sexs ne csv ons 
(gto 08 stelowaesly Tow? ond ovom bitiode ow deme 
/Sarntod er, sew ents oft eslinm ontn tuoda to sons seth 
0d ae Bansmsvor Deed AE oF AS seogel tat moxk 
nti feltexey | ‘DEORE: 09 “ebGmr axe elim s 2o eneditsup-eendt 
® 20 agora: 4tuods Babbs nid? .yfesole codweeks' eH2 
| hisxvzet ea? . ores tuodpuoxit dinbet) edt ox oEbe. 
~EROttsool od 4s. tar doh 926 beesoro atte) tat gaqys 
| sseoi> sveH ew sno +exk? oft (tokssoof Bio oft sud 
| 29atth txom edyF evep tet+ yagsetpeqos tead eit eBw 
| spntesoto tanio® poimmiwa edd oF stuor 
i“tovelt agai agw etror wan sAT 
“ieJog ni eessronl drsecilinpre sd} of gosqest dtiw ofds 
asnenietiupet noltoustenoo. ot .emeldotg yousyoud! Lisks 
eool wen om sod ,anotssool d¥od 106% welimte od Bitew 
pnittiptioaw sia satpes: Divow nets 








ALLWEST REPORTING L-TD. 


| 
2960 | 
SUOMSEY 2. Bod Clark, Hollingshead, McRoberts 














Slusarchuk, Morgenstern, Cooper 
Hardy, Williams | 
Now another example is 23, | 
the environmental comment was relative to sheet 
1(b)” '0200=1011. And their concern was with the 
existence of rafter nests in that area on the particular 
river that appears on thet alignment sheet. In order | 
to assess this concern our environmental manager 


checked the area with Mr. Richard Fyfe, of the Canadian 


Wildlife Service, and we were advised that our route 





was at least four miles up from the closest rafter 
nest site and that this was therefore no need to chang 
it to avoid a conflict. 

What I have listed is number 
30 on sheet 1(b) 0200-1039. The enviromental 
consultants had pointed out that the pipeline route 
was passing very close to a lake which is important. 
And they preferred that the route stay at ,least 400 


yards from that lake. We were able to re-locate it Le 





approimately a 1000 feet to the west, but if we had 
moved it further it would have put it in conflfict 
with the Mackenzie Highway so there was another 
physical constraint. Subsequent discussions they 
considered this an adequate move. It changed terrain 
somewhat, but the length was not significantly 
changed. A slight increase, something of the order 
of a 100 feet, I believe. 

Now, on the five other change$, 
that are listed as made to avoid routing conflicts. 
rors instance == 

MR. GENEST: This is on 


Exnrore+oo? 
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Slusarchuk, Morgenstern, Coed 
Hardy, Williams 
A Yes. 
Number 1 there, on Sheet | 
1(b)-0200-1014. This is an area near Good Hope. We 


located to the west to avoid a possible conflict with 


the highway. There was no significant change in line 





length. It added two more bends to deal with. The 


1 


terrain types were similar, but the peat crossed was a 
somewhat greater length at the new location and the | 
construction would be similar, except that more ences 
would be requiredtthere. | 
Well, these five then go on td 
describe either a move. Number 2 relates to the 
Mackenzie Highwa_y, Number 3 an area where the line was 
moved to improve a compressor station location. And | 
the reason that they are listed here is because they | 
are all made about the same time, and they, are all 


shown on this set of alignment sheets which you may 





want to include with your filing. 


That's all. that I was going 
to cite as examples, but all of the changes shown here 


are listed with a summary of the reasons and geotechnical 


considerations. 

MR. GENEST: Sir, would it 

this 

meet with your approval if I filed/ stack of alignment 
sheets which shows actually the detail of the work? 

MR. SCOTT: fT take it, Mr. Genest, 
that on the alignment sheets the new route or the 
change isin red, is that correct? 


MR. GENEST: That's correct. 


And the old route is in black. 
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| 
| 
THE COMMISSIONER: Excellent. | 
MR. ANTHONY: Mr. Commissioner, 
may I also direct a question on that regard? The 


gentleman's name escapes me for the moment, but he was 


with Mr. Williams on the first panel. 


MR. GENEST: Mr. Watson? 
MR. ANTHONY: Yes, that's 


correct, Mr. Watson, who had early alignment sheets 





that were also presented at this meeting, showing the 
location of the highway. The alignment sheets that 
are now going to be exhibits, do they also include oe 
information he had about the highway location for that | 
environmental meeting in April? 

MR SCOTT: EE Tare Mi 
Commissioner if I can interrupt my friend,, the real 


concern is that Mr. Watson, or Dr. Watson, I forget 


his ei tale indicated that he would file the alignment 
ny ee that were presented to the environmentalists. 
Now it may be that exhibit 91 is in fact, Exhibit 91 
if you take off the red lines,is infact the alignment 


sheets that were sent to the environmentalists. 





WITNESS CLARK: These are the same 
reproductions of the alignment sheets that were 


presented to the environmentalists. 


MR. ANTHONY: These alignment 
sheets that you have there that are Exhibit 91 also 


include the highway on it, do. they? 


WITNESS WILLIAMS: This/48&s 





not include the highway, but the ones that were filed 
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1 as the Exhibit do show the highway location. | 
2 MR. ANTHONY: You mean the | 
3 actual application alignment sheets? | 
4 A Yes, right. | 
5 MR. ANTHONY: I'm sorry, his: 
6 | I'm mistaken. I understood from Mr. Watson's aC dence 
: 
| that there was an alignment sheet showing the highway | 
8 location as they understood it, prior to this, at the : 
5 same time as this aligmment sheet showing the proposed | 
10 route. And that this may be, the highway shown on 
‘a | those sheets may be somewhat different than the 
12 | highway as shown on the final application. 
sls) A I'm sure you're right, | 
14 and at the meeting we had a working set of alignment 
Gs) sheets similar to these with the highway marked on | 
16 in probably red or blue pencil or something. Just for’ 
17 our own reference at the meeting. I don't know if 
18 those are still available or not. This is the only 
19 set we were able to find of the alignment sheets are 
20 set at that meeting, because we've modified them to 
Ail make the alignment sheets for the application. The 
22 line that was shown in the April meeting was rea ae 
eS from the originals. This is just a set of prints that 
24 we've were able to find in the archives that was ere | 
25 at that meeting. ‘ | 
26 | Now, I'm not sure that we | 
27 can find that set, that working set, that does have the 
28 highway location as we knew it at that time. | 
29 MR. ANTHONY: Well, Mr. 
30 Commissioner, I believe I have Mr. Watson's statement 
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1 and I can go back to the transcript, saying that he | 
2 does have those sheets, and I thought we had undertaken 
3 that those sheets would be provided. | 
4 MR. GENEST: Well let me check 
5 that Mr. Anthony. 

6 | THE COMMISSIONER: You can find 
ii that reference Mr. Anthony and show it to Mr. Genest | 
8 and Mr. Scott and let's see what Mr. Genest says Bhatt. | 
9 ves | 
10 ( ALIGNMENT SHEETS MARKED EXHIBIT 91 ) 

11 MR. GENEST: Sir, that leaves 
12 me with a further enquiry by you in connection with th 
- Fort Simpson route changes. Mr. Williams, Dr. Clark | 
14 was not heavily involved in that aspect of the matter. 
15 Mr. Williams is waiting for some dates, and I've spoken 
16 to Mr. Scott and I think we can give you a better | 
17 picture of that tomorrow morning. And that sir, sgt 
18 what I had today. | 
19 THE COMMISSIONER: Thank you. 
20 CROSS-EXAMINATION BY MR. SCOTT: 
21 Dr. Cooper, I'd like to turn 
22 to one matter you raised, and that is the question of 
23 the measurement of scour due to major ice-jams, and 


the work you've done in connection with that. And I 
take it just so we'll be clear, that that is the problem 
that was identified as unsolved in the Blench Associates 
report ct iuly, 1974. Is that correct? 

WITNESS COOPER: A _ Yes, in 
that particular report we identified it as not having 


come up with a number if you like. We had done a lot 
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’ 
| 


of work at that time to -- 


| 


Q Yes, I think the word 


utilized in that report, and in the Northern Engineering 





Services report on Ice Conditions of August, 1974, was 
in fact unsolved, wasn't it? 

A That's correct. 

Q Yes, and I take it that 
what you have told us last time was that as a result 
of the analytical work underway for one to two years 
in which you've been in charge, finished only a month 
ago, that problem can now be regarded as solved? 

A It can be regarded as 
solved in that the work was directed at arriving ata 
estimate, a very conservative estimate of the maximum 


scour that could develop. ‘ 





Q Bnd ea takemnt tthat wehe 
| 
at one stage that you regarded the problem as unaaiveas 
because you were unable to predict with any assurance 


at that time, the outside limit of the scour? 
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< WITNESS COOPER: No, I wouldn't 
3 say that we were unable to predict. We had not carried| 
4 the analysis through at that point in time to obtain 


3 the predication. 
Q All right, well,let me 
put it this way. Would it be correct to say that 


you regarded the problem as unsolved because your 








analgis was insufficiently developed to predict the 
depth of scour with assurance. 
A That's fair tOnSay. | 4 
Q And I take it that you 
now feel confident that you can predict the depth of 
scour as a result of ice jams with confidence. | 
A Yes, we do. 


Q Yes, and would it be 





-- and I take it that this problem is one that will 
be relevant at a number of major crossings. 

A By "a number" I believe 
it to be relevant at the Mackenzie River crossing 
at Point Separation to the greatest extent. 
checks or the analysis would also be carried out on 


the Mackenzie River crossing upstream of Simpson, 


should exist to the same extent. 


although the conditions there are such that the problem 
Q How about the Peel 

River? 

A The Peel River by its | 


nature during breakup, we feel, is not an ice-jamming 


hazard, or the same hazard for a jam to develop does 
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2 not exist there. 

3 Q I take it that the soil 
4 bottom of the Peel River is one that is susceptible to 
5 scour at the crossing point. 

6 A Yer), #i tars ppto the point 
7 where bedrock is reached, and of course bedrock is 

8 shallow on one side. 

9 Q Yes, well then why do 

10 you say that this isn't *a problem that is likely 

11 to confront you at the crossing of the Peel River? 

12 A Because the hazard for 
13 jamming is not the same as it is on the Mackenzie. 

14 What happens is when the Peel River breaks up we 

15 normally have very high backwater from the Mackenzie 
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Delta, and the breakup is quite orderly as opposed to 


the Mackenzie. 


Q Well now, the solution 


to the problem has led you, as I understand it, to 


be able to say to the Commission that you can predict 


with some. assurance the depth of scour due to ice 


jams. 


A We can predict with som 


assurance the maximum conceivable scour. I'm not in 
complete agreement that this is the best prediction. 
I think it's highly over-conservative. 

Q Right, but that seems 
to me at the moment to be all to the good. You can 
predict the maximum level depth of scour. 


A Yes. 
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| 
| 
Q And the obvious importance 


of that is that you want to know that so that you can 


determine the depth at which the pipe has to be buried | 
below that river. | 
A That's correct. | 


Q And that not only for 


reasons as well. 


integrity of pipe reasons, but for environmental | 

A Yes, and for a third 
reason, what are the problems of constructability. 

Q Yes. Well now, I take it 
that the analytical work that you have done really is | 
an analysis that has produced a hypothesis. 

A I'm not sure that I | 


understand what you mean by the analysis producing a 


hypothegis. 





Q Well, let me put it this 
way, and it may be simplistic andj you "letelie mes i¢ 
it is, but Itake it that a skilled and experienced 
engineer can sit in his laboratory or in his armchair 
and develop a thesis, and that is one of the things 
that you have done in approaching this problem. 

A Well, in approaching 
the problem we have come up with -- we've developed an 
analytical model that involves a number of elements 
that geneally are established theories either in open 
water flow analysis or I'm sorry, open channel flow 
analysis, sediment transport, and ice jam mechanics. 


Q Yes,but am I right that 
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in looking at this analytical model what you have done, 
is you have applied some theories to it and developed 
a thesis? 

A In a sense that's correct. 


Q Yes, and you'd agree wit 


me that the accuracy of the thesis has never been 


a ee 


tested on the ground. 

A The accuracy of ene com- 
bined model has never been tested on the ground, that' 
true. The elements of it, in many cases, have. 

Q ButiceoO .carry it) to its 
logical conclusion, the depth of scour has never been 


measured at any major river crossing. 


A For the events we are 
point out that the inputs to the analysis are -- the 


| 
| 
predicting scour, that's true. However ,: I should | 
| 


combination of inputs are more severe than to our 
knowledge has occurred and has been observed so that 
even if we could measure scour with this combination 
of inputs, it hasn't been done. 

Q Well, I take it that 
what you have is you have some information as to the 
measurement of scour in open water locations. 

A Yes, that's correct. 

Q Yes, and in addition to 
that you have a conceptual model, an analytical model 
that you look at, and then you have one year of 
observing the water of the Mackenzie and other rivers. 


A Of observing the water? 
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2 Q Of observing the ice yams. 
3 A We've had two years of 
4 that. 
5 Q Two years of that, but 
6 to be perfectly clear, 2 take it that neither you nor 
7 indeed anybody else has ever been able to measure the 
8 scour depth at or near an ice jam. 
9 A A severe ice jam, that's 
10 correct. 
se Q And isn't it so that 
<2 the model you hwe utilized to develop your prediction 
7 i is really in its nature two-dimensional? 
14 A Thats sCOrLect. 
15 Q Yes, it shows a cut of 
16 the river and you work how the currents work and the 
17 pressure of the ice in the water and so on. 
18 A Yes. 
a) Q it that cut. 
20 A Yes, that's correct. 
21 Q Well »yasnat, itso that 
22 in the nature of ice jams they are three-dimensional 
23 and that is that there is awidth of ice as well that 
24 May have -- I don't say does, but may have -- important 
25 consequences in terms of scour depth. 
26 A Yes, and of course we're 
27 accounting for this infur application of the modelling 
28 results. What we are doing is we're taking the 
29 rasults of the two-dimensional model, as you put it, 


30 and we're saying that this at this time should be 
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measured down, not from the average bed elevation but 
from the deepest or the lowest bed elevation. 

Q When you say "measured 
down" do you mean rendered more conservative? 

A Well, there have been 
findings that would indicate that as scour develops 
beneath the ice jam, the entire ice jam, that the 
section, the cross-section would become more uniform. 
Now if this is true, then there would be some justifica 
tion, some argument for measuring this from an average, 
predicted scour from an average bed elevation, We, 
however, feel that more information is required to 
justify this move and we're recommending that they 
measure it from the lowest bed elevation. 

Q Well, isn't it again 
fair to say that that is a conceptual hypothesis that 
hasn't been tested anywhere? 

A Yes. Well, what is 
a conceptual hypothesis? 

Q Well, it's a rationaliza- 
tion made by you of anticipated events. 

A It would certainly be 
to some extent a rationalization if I recommended we 
measure it from the average bed level, but I think we'r 
being highly conservative. 

Q I understand that you 
think you're being conservative, and I take it the 
reason you emphasize how conservative you're being is 


because at least as far as scour from ice jams is 
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concerned the whole issue is hypothetical in the 


extreme, and that's why you have to be so totally 


conservative. 


A Again I'm not clear on 
your use of the word "hypothetical". 

Q Well, let me come at it 
this way. You have told us that in open water scour 
cases, you measure the potential for scour depth by 
applying a factor that» may vary from’ 1.5, wl you're 
being liberal, to 4 if you're being conservative. 

A It varies within that 
range. It varies because of the conditions at the 


particular river. 


Q BUY rignt.. What i'm say— 


ing to you is this, isn't it so that open water scour 
is a relatively well-understood problem? 

A It's certainly more 
understood than the ice jam. 

Q And Pes not only ‘under-— 
stood in theory but there have been measurements made 
of scour holes in open water which will test and help 
you develop the factors. 

A That's what the factors 
are by and large based on. 

Q Yes, so that in open 
scour even with that ability to test the Haptieoe the 
scour you still have to produce a wide range of 
factors to cover every eventuality, 1.5 to 4. 


A That's correct, yes. 
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Q Well now I put it to you 
that if, knowing as much as you do about open water 
scour, and bearing in mind the variety of range of 
factors that you need to cover all the water scour 
holes that are possible and that have been measured, 
isn't it very risky at this date to say, "We can 
predict the maximum scour depth under ice jams," when 
no measurements have been taken? 


A Well, if you'll let me 


draw the analogy between the prediction that we're 


discussing and the open water scour conditions, my 
biggest concern is that where we have factors between | 
1.5 and 4 in the open water case, and if we were to 
express the ice scour case in terms of a factor, I feel! 
that the one we've got would be up around 5 or 6 in 
that it 2s probably not a‘good design, it's too con- 
servative. But based on our information we have to 
go -- 

QO Yes, Duty taker’ youre 
going to 5 or 6, is that what you're saying, under ice | 
jams? 


A That"s == well, no, we're} 





not using the factor, I just wanted to draw that 


analogy. | 
Q All right, but even if 


you did how would you know that that would be adequate?) 
A It's a mater of having 


| 
confidence in the elements of our analysis and the leve} 
| 


of conservatism. 
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2 Q Well to revert to yester- 
day's question, aren't you really therefore taking a 

risk that the scour depth under ice jams never measured . 
will not exceed the depth that you predict? | 


& | A I'd rather express it 





in degree of conservatism, which I suppose is the 


Opposite to risk. I guess I can discuss it in terms | 





of rask, though, and £ think in@Coming up-withPthis | 


prediction we are taking a very, very minimal risk. | 
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1 

2 ixg Well now, let me come to 

3 One other matter, suspended crossings. I take it that | 

4 the only crossing on the Mackenare River that's ever 

5 been made has been made by telephone lines. 

6 A No, I understand there 

7 were some pipelines on the canal system that crossed 

8 the Mackenzie or a part of it. | 
9 Q When you say "a part" do 
10 you mean a tributary? | 
11 A It may have been just 
12 across to-ar island, “im not certain. 1 “dad have "to | 
13 check the records on that. 
14 Q And a report made to 
15 Northern Engineering by Lamb McManus has asserted that | 
16 overhead crossings of the Mackenzie are feasible. | 
17 You're aware of that report, aren't you? : 
18 A Penaven"t read “it; no. | 
19 . Q And I take it that -- 
20 WITNESS HARDY: I know the 
21 report. 
22 Q rs =chatcorrect; Dr: | 
23 Hardy? | 
24 | 

LN I initiated that study, that 

25 is correct. | 
ee. Q Yes, and I take it, Dr. | 
27 Cooper, that your own report on twinning the rivers 
28 listed overhead crossings as an alternative in one 
20 location. | 
20 WITNESS COOPER : My own report, sir? 
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crossing, I think, on this pipeline as a viable alter- 


native. Do you recall which that was? 


A that's part of this pipe- 
line. 
Q I see, well what is it 
again? I mean -- | 
. A It's the Elk River in | 
South-Eastern B.C. | 
Q So would it be fair to | 


Say that we stand in this position, that we heard what 


has been said about rivers, we have one consultant's 





report that says that they are -- that overhead cross- 
ings are viable, that's the Lamb Report. We have you 
in one case recommending an overhead crossing as an 
altnernative. 

A No sir, I don't think we 
recommended it as an alternative, but in any event -- 

Q Well, let me just read what 
you say: 


"The alternatives include stability analyses, | 





monitoring of slope movements, minor re-location | 
andin one case an overhead crossing." | 

A Atiheright Allestand | 

corrected, it is an alternative. | 
Q Yes. I'm not saying it 

was your first choice, I'm simply saying that you regar- 
ded it as a viable approach to the problem. 


A That is a possibility,sir, 





yes. 


| 
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| 
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{ 
! 


Q And I understand from what 


we heard yesterday that although he seems unable to 
persuade his clients, Dr. Hardy as well regards it as 
a viable alternative, is that so, doctor? 

WITNESS HARDY: Yes. I should 
add, Mr. Scott, that the Lamb McManus Report was pre- 
pared by their structural engineers, and when they 
Say it's possible to build overhead crossings, they 
do that, they say that from a structural point of 
view. They are not taking into consideration any of 
these other factors that I pointed out yesterday, that 
are. objections. 

Q NO ssbut4Dr 2 Handy79e 


understood you to say yesterday that you yourself fav- 


| 


ored overhead crossings, though you had some difficulty 


for reasons of economics and maintenance, of persuading} 
| 


your clients. Is that a correct account of what you 
said? 
A In this particular 


case it's a viable solution to many crossings from the 





structural point of view, and from other eens 


that I have in mind that go somewhat beyond the Lamb 
McManus Report. In the case of the Elk River, you see, 
this was in consultation with them on other pipelines 
I had recommended an overhead crossing for other pipe- 
lines. They were never built. 

Q Well, let me put this 
proposition -- 


A They were submarine 
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crossings. 

Q Let me put this proposi- 
tion to Dr. Cooper. Lake, tt 4 it-wouldibe’ farreto 
Say that while it may create some other problems, such 
aS maintenance and cost, an overhead crossing will re- 
move a numer of the environmental concerns that are 
associated with burying a pipeline under the bed of 
the river. 

WITNESS COOPER: If we're 
talking about the crossing where ice jam related 
scour is a prime consideration -- 

Q Well, let's talk about 
Overhead crossings generally first. Am I not correct 
in saying that if you have an overhead crossing you 
don't have any of the problems or the dimension of the 


problems of digging in the river and moving the bed 


ands ald, the rest of it? 





! 


i 


| 
| 


A Thatmsyoorrect, only where 


the overhead crossing does not require a Support, 


pier or piers in the river. 


Q All right.. But if there 


is no pier required in the river, it removes a substan- 


tial number of the environmental concerns that are 
wwesthaty relate .to, digging,un the river and burying a 
pipe. 
A well of course, if they 
Span the entire river I would have no input into it. 
Q Well, that would be a 


disadvantage, and I take it also that with respect to 


| 
| 
| 
| 
| 
| 





i ’ frame ; 
me oe a 1 oe 
; y «i Fo 7 7 a aD oh ‘ag 
are sew can - 
ENO by cect aire by | oS Aa oe 
on 7 “wT ro ert 1 : 


Hebe aay i z vs sapnizeoxe 
ea kpaalin sty ~~ ahem «° nadine 





“es Iitw patveors, “easutnies AG: on Saadeh eal 
S16 Jot antsonen Ls deromsiore ives edd Yo wom 6 evon 
to bed eft webng salen Si vatyred iw bots loceas 

bi)  yetovir edt 
ot" ew. x1 -sAasooD ee pall ud a 
bezelox Met svt Sotedw palanors ent suods patties 
iad ROLIB 19 BAIOg emitg s ei swova 

syods Aled e'osl , flow 0 Be i ial 
joer109 son I wh tex? vlisvedap epmkeeot beadzeve 
boy enlerors beetvevo ms ove wOY 24 gets paiges mt 
oii to dotasemib edt xo Breda ene to yas eved o' mob 
bad ard patvom bas xeviw ofd m& patpekb to sneldoxg 
§¢i to seer oft Iie Bow 
isitw ylne \toovicoce’tad? A ben 
10d us B Stivpex son esob pateszosw beerdteve edz 
| | tevix sai mi gtel¢ xo zelg 
syodt 2i tua delphi Se aan: ae | istae tomy 

“mstedvea s “ovomex Ji volts ond a borbupet. wig om Bk 

ous: Fes soxebnos Letnommonivas. ont to xedmun Init 
& pabysvd Ore apie Aaa od Seles tad =~ 






| Ayre ee ee : 
yort 24 eee eer 






re plies 185i caniebern 
B a Bitiem, soul L004 a an 4, ee Bees, 


lees y oa ae Vr 1A ~~ Z i ” ie i 


2980 


ALLWEST REPORTING ETD. 


29 


30 

















BURNABY 2, B.C. 


Clark,Hollingshead, McRoberts 
Slusarchuk , Morgenstern ,Cooper 
Hardy ,Williams 

Cross-Exam by Scott 


scour under ice jams it removes -- an overhead 
crossing removes the necessity of depending on your 
recent calculations. 

A I believe on the rivers 
that we're crossing with overhead crossings, that you 
would require probably two piers in the river and 
the problems may be greater. 

Q Yes. The problems, 
however, would be different, wouldn't they, because 
you would just have one or two piers? 

A We are still dealing 
with the scour, the piers would tend to increase the 
scour and we're dealing with ice loading. 

Q Have you done any work 
On scour on piers as a result of ice jams?- 

A Not as a result of ice 
jams, no. 

WITNESS HARDY: There has been 
work done, though, on smaller rivers in Alberta, Mr. 
Scotty 

Q But just so we'll be 
Clear, Dr. Hardy, and I want tobe sure I have you 
correctly, at page 2819 yesterday when speaking of 
overhead crossings, you said, 

"I like them myself, you see, but I have lost 
every argument with my pipeline friends when I 


have suggested, 'Well, here is a place maybe 


you should be talking about an overhead crossing.' 


Is that your view? 
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have taken -- extensive soundings in the major river 


rn Cross-Exam by Scott 

2 A That's exactly what I 

: said. 

4 || Q All wmights,; thats fine, | 

=) I just wanted to have it -- | 

oi A Remember, si, that I'm | 

74 an old broken-down structural man, the same as Dr. 

8 Cooper likes to play around with rivers, I liked to 

9 play around in structures years ago. | 
10 Q Well, all right, thank | 
11 you very much. We have that clear. I just wanted to be | 
12 * sure that that was an accurate account of your sevadiaail 
13 Now, Dr. Cooper, can I come to another problem and that 
14 relates to the existence of deep holes in the major | 
15 delta channels, and I take it that you are aware of 
16 the phenomena that I think I am talking about? 
i274 WITNESS COOPER: I believe so, | 
18 yes. | 
19 Q And this is an important | 
20 question, is it not, particularly in view of the ee 
21 delta proposal? | 
22 A Yeo pvirthinkeitiiss | 
3 ‘ Q Ande isn'ta tpcorrectsto | 
24 | say, Dr. Cooper, that you have taken -- or your people | 

| 
| 


channels of the delta? 
A We have taken considerablé, 
we have done a considerable amount of sounding work in 


the vicinity of the crossings that are being proposed. 





Q Yes, and I take it that 
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in the course of that sounding work you found very 
deep holes in some of those channels. 
A By and large the deep 
holes that we found could be explainable in terms of | 
open water hydraulics. There were a number of them 
at locations that we're not crossing, I should point out, 
that are anomalous admittedly in terms of normal open 
water hydraulics. : 
Q How deep would some of 
them be? What was the despest you found? 


A I believe the deepest we | 


found was in the order of 100 feet. 


QO Yes. 
A Enethat torderpal ccould 
be w= 
Q Yes, what is the depth of. 


the channel in the delta? 


A Well, of course this 


varies considerably. 


What's the average depth? | 





A It varies considerably | 
from a matter of ten feet in some .of the very broad ones 
to an average depth of say 60 feet in some of the | 
channels. | 

Q Now I put it to you that 
those holes cannot be explained on the basis of any 
existing knowledge of channel hydraulics. 


A Some of the holes are at 





locations that are difficult to explain. There have been 


‘| 
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“| hypotheses put forward that would indicate that their 

3 development could have been through a process of | 
4 thermal degradation and that the flow situation is such > 
5 that it will prevent their infilling. However, I should | 
6 | point out that the locations wére crossing we have | 
7 found no evidence of such holes, or we found no evi- 

8 dence in that type of location. | 
9 Q I understand that, doctor 
10 Or you wouldn't be crossing. It would be foolhardy to | 
Ld cross in the face of one of those holes, wouldn't it? | 
12 A Not necessarily. | 
13 | Q Well, it would be risky. 
14 A ifewe're) =—- if we could | 
15 demonstrate that we were in, before final design, that 
16 we were in a depositional environment it may well be 

1? the best place to cross. 

18 Q Well, let me ask you this, 
19 Would you agree with me that many of those holes are 
20 of unknown origin? 
21 A I would agree that there 
22 are questions about their origin. | 
23 ‘ Q Yes, and none of those 
24 questions have been resolved except by -- and I don't 
25 say this disreppectfully -- except by armchair hypothe-| 
26, sizing. | 
27 A The origin of the holes | 
28 has not -- of some of them, of the few anomalous ae 
oe has not been conclusively demonstrated. 





| 

| 
30 Q And indeed you've reported 

| 
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ki 

2 to that or Dr. Hollingshead has in a report called: 

3 "Preliminary design of six major river crossings 

4| north of the 60th Parallel of Northern Engineering 
5 Services," 

6 dated August of 1974, where you say in Chapter 4, 

7 | paragraph 1-A: 

8 "The reachaf the east channel from Swimming : 
9 Point north has been extensively sounded and | 
10 exhibits a number of dep local scour holes of | 
11 unknown origin." | 
12 A From Swimming Point none 
13 that is? 
14 Q Yes. | 
15 A Yes. 
16 Q Well, that's:true, isn't 
17 it? | 
18 A There is evidence of | 
19 a sequence of deep holes in essentially the middle of | 
20 the channel from Swimming Point north to the Beaufort | 
21 Sea. | 
22 Q And I take it that if | 
23 I were to suggest to you that nothing really is known 
24 about the origin of these holes, except by hypothesis, | 
25 | you wouldn't disagree with that. 
26 4 A The origin of the ones | 
27 downstream, I would have to agree with you, yes. 
28 Q Yes, and if I were to 
29 suggest to you -- and perhaps it's in the report -- 

a0 that nothing was really known about their life , that 
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is whether they got deeper or filled in, except as a 
matter of hypothesis, you wouldn't disagree with that. 

A At this point in time, 
no, but I should point out that we are now undertaking 
Studies in the field to gain the information so that we 


can prove that. 


Q And if I would suggest ee 


and perhaps you've beaten me to it by already suggesting 


4 
| 


it -- that these holes could be the result of the 
melting of ground ice below the channel, you wouldn't 
be in a position to either assert that or deny it with | 
any certainty. It's just another hypothesis, isn't it? 
A Yes, thats correct. | 
Q But if that hypothesis 
were correct, that is that these holes werg caused by 
the melting of ground ice, wouldn't it be extremely 
difficult to construct buried river crossings in | 
the delta where those holes are, or where they aeve ion 
A No, definitely not. All 
we would have to do is demonstrate in tne course of 
obtaining data for developing final designs that the 
ground ice did not exist where we were crossing. 
; 


Q Well, let me ask you this, 


referring to what we were saying yesterday, in suggest-| 





ing a crossing of the delta, at whatever location, 


bearing in mind how little is known about these holes, | 
aren't you taking a calculated risk in the absence of 
precise knowledge? I'm not criticizing it, I'm just 


asking it. 
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2 A Well I believe there have. 


3 been some drill holes made. I think -- 


4 Q Well, aren't you taking 


5 a calculated risk of some proportion? 
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: | 
> A Not with the knowledge | 
3} of what the ice conditions are, and we have got holes 
4 in there, to some extent. 
5 Q Well, there aren't any 
6 drill holes up there? Where are the drill holes in 
7] the Cross Delta Route? 
3 WITNESS HOLLINGSHEAD: A Yes, 
9 there have been some test holes made along the Crees | 
10 Delta alternative. 
vise Q Are they shown on the | 
12 alignment sheets that were provided to us? Would they 
3 have been shown if they had been done? 
ia WITNESS WILLIAMS: A The drill 
15 holes within the window of the ore that were done in 
16 the Delta are shown on the alignment sheets that were | 
17 filed. In addition to those holes there were some | 
18 deeper holes drilled at locations, at a previous eee 
19 location that we had that do no fall on the window of | 
20 the mosaics, but I'm sure the results of those deep 
et holes are in some of the reports that have been 
22 recently filed. 
23 ; Q How deep are the bore 
24 holes that are shown at the Delta ies crossings? An 
25 how many approximately are there? 
26 A Generally they were 20 
27 feet deep, 10 to 20 feet deep. But the deep ones that| 
28 I'm speaking of to try to test this hypothesis of 
29 thermal degradation of insitu ice, were in the 





30 neighbourhood of 200 feet deep. 
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1 | 
2 | Q Yes, but those are the 
3 ones that aren't shown on your alignment sheets? 
4 A That is)correct, | 
Gg Q Yes, and I take it that 
6 those were done because Dr. McKay said that ground ice 
a could be found in, those locations at a depth of 150 Feet. 
3 | Isn't that so? Isn't that why you went off and did 
9 this work, because he'd said that those bore holes aren't 
10 deep enough for a Delta crossing? 
Hic A Well nds ‘Gon.t erecalt 
12 particular input from Dr. McKay, but certainly we went 
4 Ir in to test to see if there was massive ice adjacent 
14 to these deep holes. 
15 Q Well, how many holes have 
16 been done at a depth exceeding 100 feet on the Cross | 
17 Delta route? 
18 WITNESS HOLLINGSHEAD: A_ I 
19 think there are three or four such holes and those are 
20 the test data from those holes are available in a report 
21 which has been filed. 
22 Q How long is the Cross 
53 Delta route of which you are speaking? 
24 | A Which part of it? 
25 | Q At the Delta. 
261 A It's about 35 miles of 
27 twin line there. | 
28 Q Yes. Well now, Dr. Cooper 
29 bearing in mind those facts, are you able to say with 
30 absolute assurance that the crossing that you have 
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1 | 
2 described is, with that knowledge, secure? | 
3 WITNESS COOPER: A _ The Cross | 
4 Delta crossings? | 
5 Q Yes. | 
6 A I would have to say for 

| some of the Cross Delta channels that we would need | 
8 some additional data before aproving the final designs” 
9 On eirt. 
10 Q Wouldn't it be fair to | 
Vy say Dr. Cooper that in this case, you have the 
ie) hypothesis again, isn't that fair? 

13 A Yes, basically that's 

14 COTreCcE. 

bgt Q But isn't there an | 
Té additional factor that in this case you haven't even, | 





and I don't say this critically, but the knowledge has | 

| 
not yet been able to give you a hypothesis for the 
origin of these holes? 


A Well no, we certainly do 


have an hypothesis for the origin of those holes. 





Q Well, what's your | 
hypothesis? | 

A Well, I have two if you | 
like. 

Q Well, you can have two, 


Tell us what your two are? 


A That they could be 





due to degradation of ice lenses or permafrost. Or ae 








A 
but it seems to me that it becomes then quite hypothetical. 
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it could be due to some of the reversing flow that we 
get in some of these channels. 

Q And wouldn't you agree 
with me that it is much, much too early to say what 
they cause of them is? 


A What the-- | 


} 
' 


Q Hole? If you've got two | 





hypotheses, I take it you haven't selected between | 
them yet? 
A Well, let me make an 


illustration, or again a comparison. I don't judge 





the status of those designs as being that much different 
to say the status of a design of one of the Ny 
one of the more conventional rivers, where we do not 
have final design data. 


} 
| 
| 
i 
\ 
| 
| 
| 
| 


Q But do you concur in 
Dr. Clark's conclusion with respect to the Cross Delta | 
route, you have all the tools that you need to solve | 
the problem with assurance? 


A I believe we have all Mis 


tools, yes. 





Q And by tools, you mean you 


have the analytical techniques? | 


A That's correct.-- 

Q Untested on the ground? 

A -- but they require some 
data to - - 

Q Yes. Now, let me come | 
to one other matter, and that is gouging of the Dee 
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| 
| 


by ice cakes. And I take it that this is a phenomenon | 





that has been observed that when an ice cake is unended 
| 


and proceeds down the river? 

A Yes, it can be upended 
and literally moved down the river, partially being 
floated by the flow, and partially rolling on the bed, | 

Q Yes, and isn't it true 
that in the Beaufort Sea where of course there are 
bigger ice cakes, substantially bigger perhaps, the 


scouring resulting has been asdeep as 30 feet? 


A I couldn't answer that, 
Q Would that surprise you? | 
A Again, I don't have any 





data on it. I would have to see the data. 

Q Andods takemiit ithate Mr. 
Nuttal of your firm has reported that the ice cakes 
on the Mackenzie River could goudge the river bed and 
endanger any buried pipeline, if it's not buried 
deep enough? 

A I would like you to read 
those words. I don't know whether he said 'endanger' 


or not. 
| 
Q No, he didn't, you are 


quite right. He says this, " in several instances 
sizeable ice flows were observed to be upended and 
rolling along a sheer line such that their corners 
undoubtedly came in contact with the bed. At no 


time during the field observation program was it 





possible to directly observe the magnitude of bed 
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- | 
2 goudging resulting from this process." Would you | 
m agree with that? | 
4 A Yes, I would. | 
Si Q Yes, and I take it tere 
6 fore that with respect to ice cakes upended, we have | 
7 no information as to the depth of scour? | 
8 A We have no-- | 
9 Q At ‘Yeast’ from Mr’. oak 

10 A -- just a minute. We | 

Ey have no direct observation of the depth of scour. | 

2 However, we have on the basis of that report presentad 

13 data to Northern Engineering Services of the, what we 

14 considered to be the largest cake that could roll on 

Ls the bed. They have estimated from geotechnical | 

16 considerations how tant scouring could take place. I | 

7, should also like to point out that the rolling of tied 

18 cakes along the bed, normally occurs along thre shear 

Lg lines during breakup. Now these are near the banks, 

20 they are not out in the middle ofthe’ river. 

Zi They are definitely not out in the deepest portion of 

22 the river, because the cakes just wouldn't reach the 

a3 bed there. 

24 Where this goudging takes plade 

25 we're going to have much more cover by a considerable 

26 | degree than, cover over top of the pipe, than 

ad goudging could ever expose, so -- | 

28 Q Well, how do you know 

a8 that? Let me ask you this. You say that you presented 





30 data to Northern Engineering that disclosed how deep 
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1 
2 the goudging would be? 
3 | A Well Dr. Hollingshead | 
4 can talk about that. | 
5 Q Yes, well.let -me just | 
6 | ask you first. He can add to it.) I,take; it. when.you: | 
7 | say you presented data, you presented again in fact a | 
8 hypothesis. There was no measurement of any of this? | 
9 A A hypothesis based on | 
10 field observations of the largest ice cakes that were | 
ml observed to be rolling. | 
12 Q Yes, but you didn*t 
13 measure any of the goudge marks? | 
14 A Not, we didn't make any | 
15 direct measurements of goudging, no. Not in the river 
16 bed, on the banks, yes. : | 
17 Q You measured the sizes | 
18 of fille ice scakes 2 | 
19 A Thats, correct, 
20 Q Now, Dr. Hollingshead, 
a1 did you want to add something? 
22 WITNESS HOLLINGSHEAD: A I 
23 was just going to say that if you took the largest 
24 potential ice cake, as was Eicon by Mr. Nuttall and | 
22 combine that with say the worst bed condition, loose 
26 sand, we did some preliminary calculations which 
possibly 
2h indicated that you would have/something in the order 
28 of 7 to 8 feet of penetration . 
29 Q Well Dr. Cooper, or Dr. 
30 Hollingshead, isn't it clear that this phenomenon ae 
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never really been reported in the literature? 
WITNESS« COOPER: A» In the 
published literature I suspect not, but it is reported 


in the literature that you are referring to. 





QO Well, yes, it's reported | 
by Mr. Nuttall, who doesn't go on to say this, but in | 
terms of the published literature apart from Arctic | 
Gas and Northern Engineering, it's not a matter that's | 
ever been dealt with? 

A No, I suspect it will be 
in the not too distant future. 

Q Again, you are the first.) 


You are the pioneers. But let me put this to you. I 





take it that it very probably is a phenomenon that is | 
associated with the Mackenzie and very few other rivers? 


A I believe that it would | 
i | 
be fair to state that the Mackenzie would be a severe | 


case. It would definitely be associated with other 
rivers, such as the Peace or the Athabasca. 

Q Yes. Well now, I put it 
to you again that you find yourself with a hypothesis 
that is untested by/field work that involves measurement 
of results? | 

A Pure measurement of | 
results , you're basically correct here. However, I 


should point out that there is a level of confidence 


implicit in the lack of observation of the results 





F | 
when we do river surveys. In other words, we do not | 


come out with, shall we say scour holes, or very mae 


| 
| 
| 
' 
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holes that could be attributable to this. This 
indicates that it is not a severe problem, although 
it doesn't conclusively demonstrate it. 


! 
\ 


Q Well let me ask you this. 





Would it lead you to re-evaluate your position and 
perhaps adopt a more conservative hypothesis still, if | 
if were shown to your sat&sfaction that there were 
scour marks in the Beaufort Sea that were in excess of 
30 feet deep? Would that have any bearing as far as 
you are concerned? 

A We must keep in mind, of 


course, the ice strength and the ice forces in the 





Q Yes. What I'm basically 
asking -- ‘ | 

THE COMMISSIONER: Excuse me, | 
what sea are we in at the moment? Did you say, 
Bering Sea? | 

A I'm sorry, I meant 
Beaufort. 


MR. SCOTT: We're both adrift 





in one sea or the other. 

Q Would that worry you or 
cause you to re-evaluate your hypothesis? 

A Not really, in that in 
light of the findings we have made and the observations 
we have made, we could take probably three or four times 


that amount of goudging if you like, and it would still 





not be of concern with the crossings that we are 
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| 
proposing. We are going to have that much cover where 
DteCan nOCcuy. 


WITNESS MORGENSTERN: Could I | 


commert here, Mr Scott.. I have had some contact with the 





Beaufort Sea problem as a consultant on design of 


off-shore drilling structures against the ice in that 


i 
| 


area. The mechanics of that process differ very 
greatly from the mechanics of the ice goudge process 
that you are addressing here. The energetics of the, 
the phenomenon that are driving the ice differ. The 
strength of the ice differs very greatly as Dr. Cooper 
pointed out, and it's a relatively straightforward 


calculation to demonstrate that the amount of goudge 





that can develop under river actions is much less than. 


the depth of burial that we are talking about. 


I think thatthe allusion to 
the mechanics of Beaufort Sea goudging is a very | 


different animal. 


Q Well, I take it that we 


are agreed then, that even if that fact were 


demonstrated, it isn't something Dr. Cooper that would 


worry you? 





WITNESS COOPER: A No, we 


| 
look on the goudging of the river bed as being a | 
factor that doesn't go deep enough to govern the | 
designs. The other considerations such as open water | 


scour and ice-jamming scour are much more prominent. 


Q Well, isn't this together 


with deep holes, another problematical area in which 
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{ 
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! 


overhead crossings can at least remove that problem? 
Overhead crossing in which there are no piers in the 
river? 

A Well, as I have stated 
we don't consider it to be a problem. 


Q All right. I take it 





that, Dr. Morgenstern you would perhaps know, that the | 
goudging in the Beaufort Sea has in fact been determined 
by field observation? Is that correct? 
WITNESS MORGENSTERN: A Yes, | 


there have been observations of scour marks. 


Q Yes, it's been measured 





in essence. Dr. Cooper, why isn't is possible to give | 
some assurance to your hypothesis by doing that here 
in the Mackenzie? . | 
WITNESS COOPER: A _ Well, I 
should point out that subsequent to break-up, we have | 
gone in and made rather extensive measurements in the 
reach upstream of Point Separation. Some extensive 
bed soundings and again I would like to indicate that 
we have found no evidence of any significant scour eae 


could be attributed to this cause. 
| 
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1 
Q I thought you told me -- 

: and I may have misunderstood -- that you hadn't done | 
, any measurement of channel bed gouging by upended ice. 

4 Am I now to understand that you have? 

: A No, what we have done is 

7] we have measured channel bed topography subsequent to 

: the breakup of the ice on the Mackenzie River. | 
4 Q You've taken soundings | 
a4 and you haven't found any -- | 
a A We haven't found any in- | 
os consistencies that could be attributed to that cause. | 
2 Now, I pointed out earlier that this is not conclusive. | 
2 They could be filled in by that time. 

av Q Well now, Dr. Cooper, 

a ivtake it)at*s perhaps obvious at this poets in the 

e hearings, but is it not so that there is no precedent 

18 for buried pipeline crossings in the Territories or | 
ts in Northern Canada? | 
a6 A That there is no ee | 
21 Q Yes. | 
oe A Well -- 
ae Q Except for the Pointed 
ah Mountain Pipeline. | 
25 A Well, of course we had the 
os Canol Line that crossed a number of rivers. I don't like 
27 to discuss it in terms of the Mackenzie because I be- 

28 lieve it failed; however, I should point out that -- | 
29 Q Well, let's be perfectly 


fair, in speaking’ of buried crossings, that the so-called 
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precedents are really three: The first is the Trans- 
Alaska, which hasn't been built yet. 
A it iseunder tconstruction. 
Q Yes. SO; thatlen tate 0 
the moment able to tell us anything about buried cross- 
ings and how they work in fact. So you wouldn't regard 
that at this moment as a precedent. 


A I think with respect to 


buried crossings, for the most part we do have con- 





Siderable precedent from pipelines constructed in areas 
further south. 

Q NO; wout ali kevvou,. 1 
ut could, COvrestrict you to precedents’ in northern 


] 


territories for a reason that 12°11 come to in a 


moment. 
A OK. | 
Q And I take it that what | 
you Nave 1s the) T.AsP. , which a6n"t built yet: They 


are probably using us as a precedent. 
A I don't believe so, no. | 
Q You have the Canol Line | 
which (a) failed, and(b) is not there to be observed. | 


A Yes, the reason it failed, 


| 


I might point out, is that it crossed the Mackenzie 
River without bearing measures to lay the pipe on the 


bed. 


Q I*m sorry, without. what? | 
A They didn't, to my under- 


Standing, they didn't bury the pipe. 















sfeltoutdanos tebay a | «A | 
de a'nat sets of «287 Fs 
-eao1m betaed suods pattayas au tier « dle oe pelinaid 
fneper 2 abl vow voy o8 .f067 nx Pa | ot Bae apa: 
-Jnoheterd « as. raston aid 38 tad 
Of tzeqtert dxiw deids F A ; = 

“100 sevill oB ow t16q 320m sit sot peorchibenten betaud 
BS %6 ni batou idence senitegiq mos? tnabese1¢c efdsisbie 
| .iduoe teds102 

3h \woy eALl 5'L aud .om Q 
nwedsion ai atnebsaoig: os OY Sod2tee1 of 1 biuoo I 
cs mt ov omoo If’E tats foasest 6 Tot asitediecas 
-SHamont 
me Ok | 

tatiw Jedd 414 ented I bal 8) 
youT .j38y 3livd 4" mei dotdw ,..t.4.T std 2k svat doy 
listen cbes ® a6 ev pniew yidsdorg sis 

.Onm ,0a svaifsd +' nob I A 

antl fens) sid sved oY 0 
bevisedo ad od saedt toa at (d)bas ,befist (s) fosdw 

elias? Fi noases ads ita A ; 

ol saeapem eis be Si tect =e .tr0. tkog aie Fe rt 


Si 4 


ed a0 vai ‘ons =, 2 eoqwenen paiamed sted bw ovis 






a yaaen® T- «v** 7 
S3cdw suodtiw sYzsoe mT ° 
‘ re ow) i’ ee Fi 
inane rt ot eo ost A 
me ¢ are : we So SARS as 
| ud $*nbib yods or 


3000 


Clark ,Hollingshead, McRoberts 

Slusarchuk,Morgenstern,Cooper | 

Hardy ,Williams | 
‘Cross-Exam by Scott 


ALLWEST REPORTING L-TD. 
BURNABY 2, B.C. 




















1 
: THE COMMISSIONER: They laid 
: it on the river bed? 
4 A Right. : 
: Q That was a 4-inch oil | 
| 
: line, wasn't it? | 
| A I believe so. | 
7 | MR GENEST: | 
e] That was in World War | 
2 it, they were an a. hurry. 
10 A Yes. i 
11 MR. SCOTT: And the only seals 
2 precedent that has been referred to is the Pointed | 
s Mountain Pipeline. 
os A That's correct. | 
ie Q Have you made observations 
op or read the literature in connection with those | 
4 crossings? i know Dr. Hardy has told us eoneth ind 
oe about it, but I wonder if you had-- 
19 A No, the only information 
a in connection with those crossings that I have seen 
oa is the report that Dr. Hollingshead had. 
22 Q I take it that the | 
23 crossings, that the two crossings there are in no way | 
24 Letters that is they would be duplicated by the rae Be (eh 
25 of a number of rivers on this pipeline. | 
26 A I can't answer that, but | 
ys I won't disagree with you, no. | 
28 Q No, well you don't ee oeees 
29 Dr. Hardy, I take it the crossings there are in no | 


way unusual and would be duplicated in the Mackenzie 
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Valley Pipeline. 


WITNESS HARDY: I doubt it if | 


the crossing of the Kotaneelee River would be duplicated 


| 
| 
i 
| 


on the Mackenzie Valley. 

Q Why not? 

A Because it's a particular 
type of river that is -- I don't know of any specific 
river on the GAGSL line that has the same characteris- 


tics. 


Q Well what are the 





characteristics that distinguish that river from all 
the rivers that you're going to have to cross in the 
Mackenzie Valley Pipeline? 

A Well, the particular 
hydraulics and the run-off characteristics. 

Q Well, tell me what they | 
are, what makes it different? 


A Well, in terms of what 


happens, you see -- 


Q iUCOn a. want. tO: anterrupt 





you but we will come to what happened later. I want 
to- know why that river is -- cannot be compared with 


any of the rivers in the Mackenzie Valley. 


A Well, I have to compare 


it with the rivers that are -- that I have had exper- 
ience with,personally,on the Trans-Mountain and West- 
coast systems, and it has had different characteristics 


than the rivers that I have had experience in that 





area. Now the mapr difference is really in the runoff 
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2 | characteristics in hindsight. In other words, the run- 
3 off characteristics are somewhat different than I expec- 
| ted they would be in the light of other rivers. 

5 Q Well, why are the runoff 

6 | characteristics for that giver,ditferent, than runoff 

3 | characteristics that may attach to any of the rivers, 

8 Or some of the rivers you have to cross in this project? 
a A Well, it can be due to | 
10 | a variety of conditions. One of them there is that | 

| { 

Ti it has nota particularly large drainage basin, and 
1! it originates in rather rugged topography. | 
13 | Q Aren't there many rivers , 
14 that have to be crossed here that exhibit that character- 
15 istic? 
16 | A Oh yes, if you like 
17, details, it's a combination of details that produce 
18 that condition. 
19 Q Well, what I'm concerned 
20 to assert, if it's true, is that that river on the | 
wi Twin Mountain, on the Pointed Mountain Line is not | 
op) fundamentally different than other rivers -— not all 
2} of them but some of the rivers that you will have to | 
24 ' cross on this particular pipeline. | 
25 A No, I don't agree with | 
26 | that, sir. It was of extremely rare occurrence... | 
oe | Q Well, why is the river 
28 unique? What makes that river one that #s, the 
29 characteristics of which are not found in this project?! 
30 A Well, there's a whole 
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Nf 

2 series of factors. 

3] Q Just tell them to me one 
a by one, if you will. 

5 A Well, I've given you two. 
6 Q Well, which are they? 

7 || The basin? | 
8 A The nature of the basin. | 
9 Q And you've told us that | 
10 that is a characteristic that may be found on some of 
ll the rivers of the Mackenzie. | 
ile A And then there are the 
13 climatic factors. 
14 Q Well, are those climatic 
15 factors not to be found associated with any river that 
16 || will have to be crossed in this project? ‘ 
7 A Not necessarily. | 
18 Q They may be found here -- | 
19 A They might be found, yes. 


20 They could be found. 








21. Q Any other differences? 

22 A Then there is the vegeta- | 
25 tion characteristics. | 
24 Q Is there anything about | 
25 the vegetation there that cannot be found with respect | 
26 to some of the rivers in the Mackenzie Valley project? | 
27 A That's right, could be, on 
28 Q Are you saying -- 

tah A And then there's the 

30 characteristic of the bed materials them_selves. 
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Q Is there anything about 


those bed materials that may not -- 


A They can be matched 
somewhere else, yes. 

Q They can be matched here. 

A Ves. 

Q Well then, wouldn't you 


agree with me, Dr. Hardy, that the individual character- 
istics of that river can be found in various rivers in 
the Mackenzie Valley project? 

A As spparate entities, yes. 
And yet the performance, of course, is extremely rare. 

Q Well, we'll come to 
performance, but I take it that each of the character- 
istics of that river will be duplicated at -one or 
another place in the Mackenzie Valley project. 

A They may be, yes. 

Q And in that sense there 
is nothing unusual about that river. 

A that's correct. 

Q Well now, when was that 
crossing built, the crossing of that river? 

A Oh; i ehaven"t got “the 
precise date but I think it was four years ago, if you 
really want to know it accurately I could get it but 
I haven't got it, I haven't got it in the hotel here 
either. 

Q And that crossing failed,’ 


I understand. 
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A NOV ee emceL On. tuet ab. 


Q Well, what do you mean 
Deen toca? 

A The pipe was never taken 
out of service. 

Q Aha, the pipe was never 


moved. But wasn't the crossing a failure in the sense 
Cie to 

A It depends on your 
definition of failure. 

Q Well, of course, but 
wasn't the crossing a failure not because the pipeline 
was damaged but because very great environmental damage 
was done as a result of the failure, and the necessity 
to repair it on a number of occasions? : 


A The environmental damage 


had nothing to do with the pipeline. 


Q No, put Im putting 1t 


sense that the integrity of the pipe was never damaged, 
the crossing itself was a failure in environmental 
terms. 
A No, ape due to the pieeliaes 
It was due to the natural conditions that would have 
developed whether the pipeline was there or not. 

The construction of the pipeline did not create the 

flow conditions that resulted in the environmental 

damage. 


Q Dr. Hardy, several 
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reports have been made about this phenomena, isn't that 
correct? 

A I haven't seen them. 

Q I see, including govern- 
ment reports. Are you aware of those? 

A I have not seen them. 

Q And is it your assertion 
that the environmental damage, if such it was, that 
Occurred there would have occurred even if no pipeline 
had been built? 

A Yes, that's primarily 
correct. There may be some minor details that were 
affected by the existence of the pipeline, but the river 
running wild and the damage to the banks and the great 
erosive attack on the banks had nothing whatever to do 
with the pipeline. 

Q But if there had been no 
pipeline there, the erosive attacks by the heavy water 
would have simply been allowed to occur, and no one 
would have bothered about it. Right? | 

A They would have created 
the same environmental damage as didgoceurt 

Q Well, what you're telling 
me is that every time a bank erodes there is environmen- 
tal damage. | 

A That's the way I look at 
ee 

Q All right, and therefore 


that erosion would have occurred whether you had a 
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Cross-Exam by Scott 
pipeline there or not. Isn't the fundamental differ- 
ence that when that natural erosion occurred the company 
was obliged to do what it would not otherwise have 
done, that is to go in and make it good? 

A Make the banks good? 

Q Yes. 

A Well, this is done, it's 
being done now, as a matter of fact, it may be finished, 
it's been done this winter but not under the eee 
CiLon* to fe- eb Ab wath the original conditions but in 
their own interests with the various regulatory author- 
ities having a -- 

Q It's much to their 
credit, itm! notubeing ‘critical off at. 

A They're protecting the 
pipeline. 

Q I'm simply -- 

A Not re-establishing 
the environment. 

Q I'm simply saying that 
a phenomena of nature which occurred on that river 


and which could have been allowed to exist is now 


‘Must be repaired by the pipeline company because the 


pipeline is present. 
A If there is no pipeline 
they wouldn't be repairing it. 
. Q Exactly, and it's the 


process of repair that causes very severe environmental 
| 


damage. 
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1] 
2 A The process of repair? 
3} Q Yes, taking big heavy 
a4 equipment in there. 
5 | A I don't agree with that 
6 at all, in that location. The equipment that has been 
7 | taken in there is not as heavy as the equipment used 
4 to build the pipeline. Nowhere near as heavy. 
9 Q Well, I want to read you 
10 | a statement, a porbionof saynreport.i 4d.'m, not, sure, at's 
11 |i an exhibit, by E.B. Owen of the Northern Natural 
| Resources & Environment Branch of the Department of 
13 | Indian & Northern Affairs, in a paper called: 
14 "Observations on the right-of-way of the 
15 | Pointed Mountain Gas Pipeline," 
16 | dated February, 1975, and prepared for the environmental 
17 | social Committee, Northern Pipelines Task Force on 
| Northern Oil Development. It refers to this reparation’ 
19 |i of the erosion and it says: | 
20 | "With the apparent consent of the Fisheries and 
a7 Marine Service, Environm_ent Canada, Westcoast 
22 Transmission bulldozed some 400-500 cubic yards | 
23 _ of gravel from a bar in the south channel of 
24 the Kotaneelee River to cover an exposed section 
25 | of the pipe." 
26 | Now, is that true? 
27 A Wiican, trisay it for 
28 | certain, 2sir. 
29 Q Have you any reason to 
30 doubt it? 
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A No weasonntosdoubteit, no. 


Q The reasoning behind 
granting permission to remove granular materials from 
what in the past has been considered to be an environ- 


mentally sensitive deposit is unclear to the writer. 


Were you aware that that was an environmentally sensi- 


tive area? 


A I'm quite well aware of 


that, yes. But the bar, you see, is not a stable 


bar. The bars are -- they shift around and they're 
re-established. 
Q Well, are you aware -- 
A In addition to that, 
in addition to the river bar material, you see, they 
also brought in shot rock, they blasted rock from a 


rock quarry they established to get riprapping. 


Q Yes, was this nearby this 


environmentally sensitive area? 


A It was within a mile or 


so, yes. 
Q And Jsn tit true ithat 
the other crossings have necessitated the continual 


expenditure of money to maintain their integrity? 


A The other crossings? 
Q Yes. 
A Which other crossings? 


Q Well, I'm sorry, the 


other crossing, there's one other, isn't there? 


| 
| 


A Well, iteuhasn‘t involved 
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Cross-Exam by Scott 
continual -- there has been some maintenance on one 
bank. 

Q But the pipe eroded on 
the other crossing, didn ‘Ayame? | 

MR. GENEST: Do you mean the 
right-of-way.,.Mr..Scott? 

MR. SCOTT: I'm sorry, the 
right-of-way, yes. 

A Well, the erosion of the 
right-of-way, there is another problem which I have 
not been directly associated with, that was at the 
extreme north end of the line, where the erosion was 
into a lake there and the fisheries people were con- 
cerned. about. the transport, of silt into that lake 
which apparently was a good fishing lake. Phere had 
been a lot of discussions on that as to how it could 
be prevented and repaired, but I am not familiar with 


the details of that. 






: iti a ca 


no bebors sqitg eft tua 0 : ip 1248S 
Sti t'chtb .pniaeoxs teddo offs 

eit né&em yoy od :TBEMED . AM, - a 
Gtdove .aM.,yew=to-stdpix 


ert .yrros m'E : T7002 .AM ’ 

<85Y ,Yewrto-sdpiz 
aft to notecta ang , 1 Lew A 

eve 1 dotiw meido1rg vedsons ek sitedd , yaw-to-Jsnpiz 
eft 26 enw tact .dtitw bedsinceas yisoetih need jon 
e6¥ nolacse sit sredw ,sati edd to bre dixon emetzxe 
“noo sitsw slqosy esalrisdeit sis bee steds sastl 6 otal 
etal gate otni tite to Jxoqunaxs sit suotia benred 


bed stedf .aial paidaii boop 5 asw yitcotsaqges notriw 


bivos 4i wor os es senda co enolseyseib to 3ol s naesd: 


iw tsilins? ton m5. i sud .bsnieget bre baedaeverq od 
leat to afitsgeh sdg 


#4 













7 3 4 le on Fe 





ACLWEST REPORTING ETD. 3011 
BURNABY 2, Bate 


t- 


> 


6 

















Clark,Hollingshead, McRoberts 

Hardy ,Williams 

Slusarchuk ,Morgenstern,Cooper 
‘Cross—-Exam by Scott 


Q Peask 4youecervDr. tCooper, 
can't we say that the experience of river crossings 
in the Northern Territories has not been a happy one? 
WITNESS HARDY: No, I would 
not agree with that. The thing is that there were some 


lessons learned from that one, and you see, for example 


Q Did you take any 


calculated risks in preparing that river crossing? 


A As far as I was concerned, 
sir, there was no calculated risk. I thought that was 
a safe crossing. 

Q You proceeded with per- 


fect assurance that there would be no problems. 

A As perfect assurance as 
you can get with the irregularities of the climate. 

Q Yours was pretty complete 
yesterday. I think Dr. Hollingshead has -- 

WITNESS HOLLINGSHEAD: I 
was just going to describe, I think that the second 
crossing that you refer to is probably the LaBiche one 
and the problem there was not associated with the 
river channel at all. It seems to me that that was 
an erosion problem on a slope some distance removed 
from the crossing. 

WITNESS HARDY: It was on the 
valley bank, the bank was well back from the -- 

Q I understand that,Dr. 


Hollingshead, that it was a natural phenomena, but I | 
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take it it was necessary to repair it because the 
pipeline ran through that area. 

A Yes, eLseamsesure -btiwad. 

Q Yes, and therefore -- 

WITNESS HARDY: There wasn't 
any repair done, sir, on that, as far as I am aware. 

Q Well, this -- 

A Just a little local 
drainage done at the top of a slope. 

Q Yes, was any equipment 
taken in, to,.do -that2 

A They probably had a 


bulldozer in to do that work at the top. 


Q Is there a road that 
leads to the site? ‘ 

A I can't recall how they 
got that in there. 

Q Yes, do you remember -- | 

A It's one of the problens, | 


to get access with equipment in there; but there are 
local people that have equipment. | | 
Q Do you remember the Sone 
in the year when this work was done? | 
A Well, I have looked at 
this crossing in each of the last three years, as far 
as our annual inspection, and the behaviour of the 


south bank or the west bank, really, of the LaBiche 


River was largely a matter of erosion. 





QO Yes. 
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; 
1 

2] A And this was to a con- 

3 | Siderable degree caused by the disturbance in the 

7 construction of the pipeline; but that same sort of 

1 phenomena has occurred in many other locations and 

6 has been controlled. Now at one stage when I first 

7! Saw that my concern was that we were thawing perma- 

s | frost, and this turned out to be not the cased all. 

9 | Q You*said, Dr. Hardy, 
10 | at page 2742 that the phenomenas that occurred at 
7 this river, that is the erosion and the repair 
12 | problems, was not completely unusual. 
13} A That's at the Kotaneelee 

i 
14) River 
15 | Q Yes. 
f 

16 | A It's also true of the 
1? | LaBiche River, too. 
18 | Q Yes. 
19} | A I think I went on to say | 
20 | that there was -- I can think now of two other rivers 
21 on the Westcoast system that were similarly unique, 
22 if you like. We have now taken, you see, one of 
23 these as well as the Kotaneelee, the operation of 
| re-establishing the pipeline has involved channel 
25 | control. It's a design system, it's not that they've 
26 .Simply gone in there and patched up the pipeline or 

eT taken -- done work only to protect the pipeline.It's 
28 been done at both of those locations with the complete 
29 


co-operation of the regulatory authorities. 


SEES Q Indeed, at their 
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i 


insistance. 


ie) 





3 A That's not quite right. 

41 It's with complete co-operation, sir. There's no police- 
s| man standing there saying, "You have to do this." 

6 Q Well, perhaps -- 

7 i A+ Te wase.a joint .effort »and 

| the fisheries people in B.C. were very interested in 

‘ the designs that were forthcoming. 

| ro" “6Rthaps, Mr. Commissioner, 
11) subject to proof, I would like to file as the next 

12 | exhibit this report. | 
13 | THE COMMISSIONER: That is the | 
ae Owen Report? 
= MR. SCOTT: The Owen Report. 
fa | THE COMMISSIONER: Well, I 
17 | think that subject to what you may say, Mr. Genest, 
7 it should be marked. I think Dr. Casagrande's report 
19 should be marked too. | 
| 





MR. SCOR +4 Yes. sel was.catraidu 


to mention his name this morning, but I had that on my | 





List. 

MR.. GENEST: Sir, I, have some 
-- I know this is a problemithat Eacae an Inquiry of 
this kind all the time. If there are controversial 
statements in these articles with which we don't eee 
the stand on the record is evidence which we can't 
possibly challenge by cross-examination. 


MR. SCOTT No, .1t's subject 


to proof, I understand it's subject to proof; but I 
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think as it has 


/ been referred to, it should be put in. Now I'm 


handicapped because the copy I have is only some 
excerpted pages, and that's obviously no good. 
I'll have to undertake to file the full report. 

MR. GENEST: Well, do I under- 
stand that you're undertaking to call the author of 
the report? 

MR.OSCOPT? 11it‘sesubjecttto 
proot. 

MR. OGENESTs: sWeill ,o Is don’t 
know what that means, Mr. Scott. 

MR. SCOTT: It means that if 
I determine for Commission counsel staff that we wish 
to rely on anything that is said in that report, we 
obviously have to call the person who made,it. If I 
don't, it seems to me that unless there is some 
Patticular position in ere of a government 
document. -- and at the moment I don't think there is -- 
i Obviceusily ‘eandtt relytonyi#ritidiadontt call the eee 

THE COMMISSIONER: Well, it | 
seems clear enough with regard to the Owen Report, | 
having regard to what was said about Dr. Casagrande's | 
eminence in the field of geotechnical engineering, I 
take it that he is a figure of great prominence along 
with Terzaghi and others, that his article was in a 
sense to be accepted in the same way as a textbook. 
Maybe it's time for coffee and Mr. Genest and you might 
think about it. 


| 
| 


MR. SCOTT: May I make one 
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1 Cross-Exam by Scott 
2 | observation about that? I think that with the 
3 | exception of Dr. Morgenstern, who proposed what I called 
4 | a refinement, he didn't, I understood every panelist 
5 | yesterday to accept the paragraphs that I read. 
6 | THE COMMISSIONER: Oh yes, I 
7 know that, but I was thinking that if Dr. Casagrande's 
8. article were introduced and marked as an exhibit, 
| to what extent could I rely on anything else in that 
ay article that might be certainly of usefulness in the 
ay) sense of offering some kind of background discussion 
12 | of geotechnical engineering and whatever else he said 
13 | there that led him to expound this statement he made 
14] about the calculated risk. Now that it seems to me 
15 | is very much like a textbook, and we have always 
16 | acknowledged that we can look at textbooks.that are 
17} shown to be written by outstanding figures in any 
13! field. 
19 MRAeGGENEST? Sinphbrtake vt it!s 
| \ 
20) a matter of weight, and my problem with this kind of | 
21 thing is whether or not I am then expected, once an | 
22 article of that kind goes in, to -- if I don't agree | 
at) with any of the material that maybe in the textbook, 
74 is there an obligation then cast upon me to take my 
25 | witnesses through the textbook and say, "well, he is 
26 | a very eminent man, but I disagree with his conclusion 
27 here, there and everywhere." 
28 THE COMMISSIONER: I don't 
29 think you're obliged to do that, and certainly I should 
30 think that the only passages in Dr. Casagrande's article 
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that would be of any real consequence would be those 
that have been read. But for instance, take Dr. Terzaghi 
presumaby he has written in this field and presumably 
an article or a book that he's written might be brought 
forward. I understand he's dead -- I hope I'm not 
being -- 

MR. GENEST: The condition of 
admissibility. 

THE COMMISSIONER: Well, there 
isn't much anybody can do about challenging anything 
he's said by cross-examining him, and you'd have to 
rely on Dr. Hardy or Dr. Morgenstern saying, "Well, 
despite Dr. Terzaghi's eminance we think he went wrong 
here." 

Me "GENES :s Rignt, a s.r. 

MR. SCOTT: I: think I neglected 
to point out that not only did Dr. Morgenstern have 
a qualification, or I think he put it another way of 
looking at it, but Dr. Hardy , as I understood, didn't 
agree with any of the paragraphs I read. | 

However, the transcript will 
make that clear. 

THE COMMISSIONER: Well, I 


am interested in coffee at the moment. Is there some? 


(PROCEEDINGS ADJOURNED) 
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; | 
a4 (PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) | 
3 (JOURNAL OF THE SOIL MECHANICS AND FOUNDATIONS 
4 DIVISION, PROCEEDINGS OF THE AMERICAN SOCIETY OF | 
5 Calvaala ENGINEERS, THE TERZAGHI LECTURE, MARKED | 
6 | EXHIBIT 92) | 
7 | 
8 | (OBSERVATIONS ON THE RIGHT-OF-WAY OF THE POINTED 
9 MOUNTAIN GAS PIPELINE, BY E.B. OWEN AND 
10 | D.W. VAN EYK, MARKED EXHIBIT 93) 
11 | 
ied MK. sCOlt: 
nus! Q Dr. Hollingshead, I | 
14 understand from the evidence that has been given that | 
15 you have proposed from time to time on the tributary 
LG rivers that lead into the Mackenzie that you are 
17 | crossing, to install various standard training works, 
18 as they may be required. And that you have made 
19 preliminary designs for some of those training works? 
PAC) WITNESS HOLLINGSHEAD: A _ Yes, 
24 there will probably be some instances in which river 
22 training works may be required. 
a3 5 Q Yes, and I take it that 
244 those training works run the gamut from armouring to | 
"ape spurs, to dykes and so on, of the type I think you | 


| 
described by way of slides? | 


A That's possible. 


Q Yes. And I also under- 


stand that it may be necessary as you come to these 





river crossings and see the necessity for this kind of, 
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Slusarchuk, Morgenstern, Coopey 

Hardy, Williams 

Cross Examination by Scott 
Eraininywork from time to time, to take these measures 
so that they may extmdbeyond the right-of-way from time to 
time? 

A Some training works may 
be outside the right-of-way, that's true. 

Q Yes, So you may have to 
build in these training works upstream, downstream and 
sometimes in appropriate cases, for some substantial 


distance even beyond the right-of-way? 





A Possibly, yes. 

Q When do you intend to 
construct these? In what season of the year? 

A I haven't given that 


detailed consideration yet. 





Q Well you would agree een 
me wouldn't you that these works traditionally aren't 
constructed in the winter when the rivers are ice | 
choked? 

A Yes, I would agree | 
traditionally probably not in the winter. 

Q Yes, and indeed if they 


are to be constructed in the winter you will have to 





get some heavy equipment in there to remove the ice 
from the locations at which you propose to construct 
the works? 
A That's possible. 
Q Mes and. Uaiputied tito ut 
that in doing that there is a risk that you will cause 


a substantial mess in the channel? 
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TN 3020 
Clark, Holiingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper 
Hardy, Williams 
l Cross Examination by Scott 
2 | A Peden tee think 12 the: job 
Z| is done properly sir, that we would cause a substantial 
4 mess, no. 
5 Q On the other hand if you 
6 | don't perform this work in the winter, how are you going 
7 | to get to the site in the summer or autumn season? You're 
8 not going to have a snow road are you? 
ot A It seems to me that it 
10 depends upon the sort of trainning works that one has 
skal designed and how they are going to be constructed, 
Lhe what they are going to be constructed of, what equipmen 
1 is required to do it. Some of it may be helicopter 
14 transportable, some of it may simply be constructed 
15 | without any equipment whatsoever. 
16 Q Yes, but do I understand | 
17 | that if these works aren't done in the winter that it | 
18 will be necessary,in so far as helicopters can't 
oo assist you, to go through the bush or over the land to 
20 get to the site? 
on A I'm sorry, what was the 
we question? 
23 ; Q Leave aside helicopters, 
24 | which is one of your options, and if this work is to be 
aD | done in the non-winter season, isn't is obvious that 
2 you're not going to have a snow road? 
27 A Yes. 
28 Q And that you are therefore 
22 going to have to come through the bush or over the land 
30 with your heavy equipment or whatever equipment is 
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Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Ceres 
Hardy, Williams | 
Cross Examination by Scott | 


necessary to do this work? 


A If heavy equipment is 


required, yes. 


Q Yes, now isn't that likely 


to have environmental consequences of some profundity? | 


A Possibly. 


Q Yes. The reason I asked 





the question is this; do I understand you to say that 
you have not given any consideration as to when this 
kind of work will be done? That is the winter on the 
one hand, or the summer on the other? 

A We have not even really 
pinned down exactly where such training works may be | 


required. 





Q Yes, and therefore I take | 


it that it follows that you haven't given any 
| 
consideration as to when it will be done at tho@e locations 


where it is necessary to do it? 


A Not with respect to 
speciiic locations, no. 

Q But not even generally, 
have you? 

A We have not given it 


detailed consideration, no sir. 

Q The reason I ask, is 
because you have presented a series of designs for this 
kind of work and indicated that where it is necessary 
these will be suitable solutions. Wouldn't you agree 


with me that an essential characteristic of preliminary 
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Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Coope 
Hardy, Williams 
Cross Examination by Scott 


a) 
2 design work is the determination that the work can be 
3 per formed? 
4 A I am Pee ene that the 
5 work can be performed, if required, yes sir. 
6 Q Well, how can you be 
7] confident that the work can be performed without having 
8 given any thought to the season of the year and the 
9 consequences of one season as opposed to another at 
ll which it will be performed? 
hil | WITNESS WILLIAMS: A Mr. Scott, 
192 may I contribute to that answer? 
13 Q Well, if it doesn't 
14 require a geotechnical answer, yes Mr. Williams, please). 
5 | A The magnitude of the 


situation would govern, I would think that.if a situati 
arose where the stream bed appeared that it was going 
to expose the pipe, or do irreparable damage, then the 
maintainence work would have to be done as quickly as 
possible. And it would be done similarily to what 
we have described as repairs to a pipeline failure. I 
it happens in the summertime, that's when it would hav 
to be repaired, and the consequences would be similar. 
And we've gone on to say that we do have the wherewithall 
to repair damage, resulting damage. 

Q I have no doubt that the 

and 

works that Dr. Hollingshead has designed/ has describe 
by way of slides, can be physically built. I am not 
quarrelling about that at all. I'm sure that it can 


be physically done. What I am concerned about Dr. 
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Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Coope 
Hardy, Williams 

Cross Examination by Scott 


Holingshead, is if you are presenting those as design 
solutions, without consideration of the impact of the 
solutions themselves, such as appear when you have been 
unable to tell us when they will be constructed? 

WITNESS HOLLINGSHEAD: A It 
seems to me that some would be constructed possibly 
some during the summer period. Possibly others during 
the winter period. And that this will depend upon site 
specific information and data which will be collected 
during the final design stage. 


Q Yes, but isn't -- the 


reason for these works is to either protect the 


integrity of the pipe or to prevent some environmental 
damage. Isn't that so? 


A By and large’, yes. 





Q Yes, and you have ' 
devised designs which you think as a geotechnician will 
solve those porblems? 

A We have not devised 
designs, we have shown some typical peoienG of the sort 
of things that can be See ene be used in certain 
Situations. It may well prove that. these typical 
designs if you like, that we have illustrated, may in 
fact not be necessary. 

Q I understand that, but 
surely when you are developing techniques for resolving| 
these problems, and that's the stage you are at , isn't 
i | ; 


A Yeqsir. 
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Clark, Hollingshead, McRobert 
Slusarchuk, Morgenstern, 
Hardy, Williams 

Cross Examination by Scott 


Q Yes. Surely you are 
obliged to consider whether the solution is going -- 
ie. bank works, is going to create environmental 
problems of its' own? 

| A Yes, we have given some 
general thought to this, and I do not see any that 
would create environmental damage in their own right. 

Q But {I take it what you 
are saying is, that you've formed no determination as 
a matter of principle as to when they should be built? 

A I would say again, that 
I think that in most instances they would probably be 
done during the normal pipeline construction spread 
eee but there may be instances in which that is 


not appropriate. 





Q. Yes. Well now, let -me 
turn to another matter. Dr. Cooper, you have outlined 
for the Commissioner the formula that you have 
utilized to predict scour in straight river situations? 

WITNESS COOPER: A Yes, that' 
correct; 

Q And you have shown how 
by an expansion of that formula you predict scour under 


jams? A modification of the formula, .. is that a 


‘better way? 


A No, it's a completely 


different analogy. 
Q All right. Well, let's 


take the first, the formula by which you predict scour. 
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Slusarchuk, Morgenstern, Coope 
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Cross Examination by Scott 


In open water situations, lets take that example first: 
Would you agree with me that your formula, and I don't 
criticise it, I don't know enough to criticise it, Hoty 
your formula is not one that is widely accepted in 
engineering circles? 

A I would have to ask you 
what formula you are talking about here? 

Q It's the formula that 
you explained to the Commissioner, I believe at the 
beginning of your evidence, in which you devise a 
factor running from, depending on the case, 1.5 to 4. 

And you apply’that factor Ko measure Hote ieaiy the 
depth of scour? 

A Well, I think that that 
procedure rather than a formula if you like, I wouldn't 
agree that it is not generally accepted. There is 


controversy on the procedure for determining the depth 





that goes into the formula. I will agree on that, 
ts Q Well, would you agree 
that that latter part of your formula, eT “can Call 
it that is not widely accepted in engineering circles? 
A Noy sir, = wouldn't. 
Q No. Well are you 
familiar with a text edited by C.R. Neil, with article 
by a numbér engineers, called "Guide to Bridge Hydroli¢s"? 
A Yes sir, I am, 
Q Yes. That's a respectable 
test, Lf don ct put rt any "igner ‘than that? 


A It's a respectable text, 
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yes, I'll go along with that. 











3] Q And would you agree from 

4 reading that book that your procedure is not included | 

5 in that text? Although it purports to be a survey of 

61 procedures? 

4b A To the best of my 

@) ._ knowledge, and I would have to look through the text, 
; a nowhere in that text is there a procedure of any | 
aot kind for predicting scour that is not associated with | 
4 a bridge pier or a constriction of the channel. | 
12 | | - Q Well, the chapter to | 
13 | which I refer is called, "Natural Scour at Uncontrolled 
14} Bridge Crossings". And you understand, do you not, | 
15 | . uncontrolled bridge crossing to be a crossing at which. 
16 | there is no pier? . . | 
17y A ~ That's correct, yes. 

| i Q So what we're dealing with 
2b | is scour, in a river, a bridge happens to be over it, | 
20 but the bridge isn't in the river at all? When we're | 
| talking about natural scour at uncontrolled bridge 
22 / ‘crossings? | 
23 A I'd have to check 
24 precisely what Mr. Neil means by uncontrolled bridge | 
25 | crossings. There is probable a constriction dealt 





26 | withlin there. 


| 
27) Q Well let me, I can pass 
= | 
28 on to something else. There is a special chapter that) 
{ 
Ky deals with constricted crossings, and the -- I'll let | 








you review it and you can make your comments on it, but 
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the point I want’ to make, if it's correct, is that’ 
your procedure, this doesn't mean it's wrong, is not 
a procedure that is referred to in this text? 

A Could I see that text? 


ce} Certainly. 
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1} Cross-Exam by Scott 
24 Q Just before I ask you 
31 to ‘look at it, you would agree that there are other 
4 : procedures for the solution of this problem? | 
51 che WITNESS COOPER: Yes, there are’ 
6 | eather procedures. However, the other procedures are not. 
7 generaly applicable to the types of configurations of 
8 | channels that we would get. There are certainly other | 
Sai procedures that could be used, for example, to predict | 
ey scour, where we have a definite constriction of the 
atk flow, a definite narrowing of the channel. 
| Q But I take it that the 
13 | Brno procedures are different than yours. Let me | 
ee a put it this way, there are other engineers who would ! 
15 | ' present a different procedure confronted with this | 
16 | problem than you have presented, in determining scour. | 
ai? A In determining scour | 
18 an ng types of cases we're dealing with, and the types 
19s. of cases I illustrated, I know of one other procedure | 
20 ee is very theoretical, that could be used, yes. : 
Pall Q You know only of one? | 
22 A In the circumstances tha 
23 we disscussed. 


Q I just want to get your 
position so others can comment on it. You know only 


of one? 
A Yes, in the circumstances. 
Q And whose is that? 


A It's a modelling proced- 





ure that has been developed at Colorado State University. 
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Q 


different results, may it not? 


A 


different results, yes. 


Q 


Cross-Exam by Scott 


And that may produce 


It may well produce 


And I take it that 


before we get to the text again, that your procedure 


includes a co-efficient which we've described. 


A 
Q 
A 


Q 


the rules for determining whether you use 1.5 or 2 or 


Thats (right. 
Lo CO, a, 
That's correct. 


And I put it to you that 





2.5 or 3 or 4 are very vague and ill-defined. 


A 


They're based on the 


decision within a much narrower range than,that would 


be based on judgment. For example, if we were faced 


with a confined meander bend where the straight reach 
of the channel was essentially impinging on it, then 


we would have to make a judgment .within a narrow range 


of say oh, 3 to 3.5, something like that, depending on 


the severity of attack, the height of the bank, etc. 


Q 


you do that you make a personal judgment as to the 


selection of the co-efficient, and that involves a 


risk. 


judgment. 
Q 


And i take it that when 





It certainly involves a 


And it involves a risk 


that the realities may exteed your co-efficient. 
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A In a sense I suppose 
any judgment involves a risk, in that sense you're 


correct. 


Q Well now, will you turn 
to the text and I'll turn to something else? Dr. 
Hollingshead, would you agree with the proposition that 
the rate at which a river shifts its channel in the 
course of meandering is very hard to predict? I am 
talking about the rate. 

WITNESS HOLLINGSHEAD: cos 
Probably quite variable from river to ‘river. «i"don't 
know that that's the same as saying it's difficult to 
predict. I think in some instances it might be relatively 


Gasy to predicc. 


Q I'm not askirg you about, 


whether the shifting is predictable. I'm asking you 


whether the rate of shift is easy or difficult to 


predict. 

A tratesr what I'm talking 
about. 

Q And what is your answer? | 
im notvrerear’. 

A Well, certainly in some 


rivers it's probably quite easy to predict, relatively 
easy to predict; inéthers it might be less easy to | 
predict. By and large I think we have a reasonable 
handle on the rate of shifting. 
Q AViTrrght wand 1. take it 


that the rate, whatever it is, is variable from year 
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to year and from place to place in the river. 

A Yes sir, yes. 

Q And I take it from 
reading one of your reports that it is your judgment 
that the banks at Swimming Point crossing are stable. 

A That the banks are stable. 
Well, they're --' what do you mean’ bys "stabile"? 

That they are going to remain unmoved or in the same 
position for the next several decades? There is no 
Serious instability there. 

Q Well, let's just read 

what you say. Again in this report entitled: 
"Preliminary design of six major river crossings" 
of August, 1974, you're the author of that, are you? 
A Yes sur, 
Q You say, dealing with the 
Swimming Poirt crossing, under paragraph C-channel, 
"Comparison of older photographic coverage and 
moreorecentan.EaStCtL.meoveragey" 

that's your own work, I take it, 
"does not indicate any evidence of active 
migration, though no detailed measurements 
have been made." 

A Yess 

Q Now isn't that a con- 
clusion that in your judgment, based on photographic 
coverage and more recent N.E.S.C.L. coverage, that 
the bank there is stable? 


A The evidence indicates 


1290 4 
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that the two banks are relatively stable. That's right, 
yes. 

Q And I take it that that 
will be the determinant or one of the determinants 
in deciding how and where and at what point you're 
going to cross at that place. 

A ltbsea yGacton,kyes. 

Q And it's an important 


factor, if you have a stable bank you can make a much 


more economic crossing. 


A Yes sir. 
Q Yes. Well, Dr. Morgen- 
stern, I understand that -- and I may have it wrong -- 


that in a report of yours dated May, 1973, based on 
observations, you concluded that the channel there was 
shifting quite rapidly. Have I got that wrong, or have 
fr -got thar ritgnt? 

WITNESS MORGENSTERN: I think 
if you could read that to me, it would be better. It's 
sometime since I made that trepont. 

Q I am referring to a 
report*oEr'May , “19737 "called: 

"Some observations on slope stability at major 
river crossings," 
of which you and Dr. McRoberts are the authors. 

A Yes sir. 

Q And you say this at 
page 18, after referring to the observations or the 


data: | 
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Cross-Exam by Scott » 
"Thus it is evident that some PAY] 2 miles of 
northward migration of the bend at Swimming 
Point has occurred. This migration is currently 
focused in the immediate proximity of the crossing 
Site," 

and then further down: 

"Thus it is possible that erosive attack may 


occur and the geomorphological evidence supports 


this views" 
Was that your view at the time? 

A Yes, this is based on | 
an evaluation of the air photos at that time. We drew 
attention to the fact that this particular feature 
Should be looked at in the field, and evaluated in 
more detail. : 

Q Yes, and I take it that 
your conclusion then was that the river channel was 
shifting quite rapidly at that location. 

A No, the observation was 
by the shape of the channel it might support that 
the river channel was shifting rapidly, therefore we 
Shquld look at this in the field. The presence of 
frozen ground might indicate that the Channel was 
shifting slowly but that it was controlling the shape. 

@) Well, when you said, Dr. 
Morgenstern, 

"Thus it is evident that some yey 2 Mt les or 
the northward migration of the bend at Swimming 


Point has occurred, this Migration is currently 
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Cross-Exam by Scott 
7 
2 | focused in the immediate proximity of the 
3| crossing site." 
a) Weren't you making a judgment that the crossing was 
5 | shifting? 
| A No, sir, that af 2 
4 | Migration or incision in the channel might well have 
8 | taken 10 to 15,000 years. 
5 | We are drawing attention to 
lo | a peculiar geomorphic feature and likely it did occur 
“icf very slowly. Nevertheless, looking at the photograph 
12 | it was our responsibility to point these things out | 
13 | and to direct the N.E.S. people back to the field Cal 
14 re-evaluate. 
15) Q Reatakeedt tethen lat ts 
16 | your conclusion that the bank at Swimming Point is 
17 stable. 
18 | A Yes. 
ae Q Dr. Cooper, have you 
33 had an opportunity to look that up? ! 
2} WITNESS COOPER: The method | 
22 that's stated in here is very similar and almost 
2] identical to the method we're using. What it is is | 
24 | a method based on Lacey's BpExoachano estimating the | 
35 | mean depth. However, they take that mean depth, and i 
a might read from the report where it says: | 
| "Equation 4.5 gives only an estimated mean 
8 depth across the channel section. To estimate 
Be, the maximum natural scour depth, a multiplying | 
30 factor must be applied," | 
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Cross-Exam by Scott 
which is essentially or exactly what we are doing. 

Q Well, ‘isn't: it fair to 
Say, Dr. Cooper, that there are two procedures: 

One that is disclosed in that book, and one that is 
yours. They may parallel from point to port but there 
are two procedures that can produce different results. 

A I consider them to be 
identical. Now, I might also point out that this 
procedure is, as is identified in here, applicable 
only to sandbed rivers. 

Q Allpright; that "may ?be 
so, but is it your proposition because others will 
comment on it, is it your proposition that the method 
you have utilized is disclosed in that text? 

A The fundamentals of the 
method we utilized is disclosed in the text. 

Q Well, we've dealt with 


the fundamentals. Is your procedure disclosed in that) 


| 
text? I mean you may have a better one, I don't know. | 
But is your procedure disclosed in that text? | 
A Well, I'm not really sure 
how to answer that. Basically: yeoriiit Hiss... | 
Q ADPSright A IrACoGper, 


are you familiar with the term "avulsion" in the 


context of river channels? 


A Evulsion, no; I'm not. 

Q Avulsion. 
A Avulsion? | 
Q Yes. | 





Se. : ~ 
 Lpniteb axe: ow su inate a 
od xis? gi 2"nei-,fisw 9 's : 
seoyubsoorg ows ois etets ted .teqoo? i: 
ei tsdd ono brs ,.aAdod teds at beaolsetb af gon? 90 


sreris dud tatog of dnioq mon? Lolisybq yem yea eee 
agfveex JneteTlib ‘soghorq so J6H3 eszNbesosg Ovs Om 


fo etw 



























ed oF meds aabfeanos: ft A ; 
aint 3H14 gud: tttog-cels tripim I \wow) -Esottaebl 
é{dscifaqe ete ai Beittaasbt at 36 ak siebeootq — 
,eyav it bedbrsa oF ine 

ad yen teat jorpra DLA @) 
Titw azendsto sevsped fottieodsx1g swoy #1 8t tod oe 
boddem edd tens notszisogoxq xsoy Jf et ,3f mo trammop et 
Sdxat 3odt nb boeofoetb ef bestitis- evsd Boy 
ef? to. aletnomebau? sat A . 
3x09 stit ni Bseofoerb et sasritiae: sw “bostgem — i4 ¥ 
Atiw jiseb ev'ow ,rfew 8) 
jerid ni boe6Ioelh siyb900%q xnoy at .eistasmebay? sdf 
wond d'aob I .eno todted.s svsd yan goy nest eames 

Tikes tay nL Beeolfoerh S2UBSIGTS twoy ai 

gape yileat tom mT «ifew 4A 
a oak 4t ,asy \wilsoles®? .jdaedtd sewene OF 
jeqéo? .1d |, dripia IIA 0 
eda ni “aotelovs" mod oft doiw teilims? 
Selenneans 2sviz Do . 
jon m'I ,on ytotetiy a 
totesuva 





ACLWEST REPORTING -TOL 3036 
eee a Clark ,Hollingshead,McRoberts 
Slusarchuk,Morgenstern, Cooper 
Hardy ,Williams Saket 

CHOsSs=Exan. Dy SCOtt 

















| 
! 

> | 

| A NO Sin. 

$y Q There may be some other 

"| word to describe it. I'm referring to a text, Leopold, 

| Wolman & Millar, "Alluvial processes in Geomorphology," 

6 | is the text familiar to you? 

7} A Yes, I am familiar with 

si many parts of it. 

9 | Q It's a standard text? 
sia A Yes sir, in the field 
Il of geomorphology, it certainly is. 
| Q At page 84 at the bottom | 
13) thesauthor says this, and “i"11 4fust"réad! ateotvou 
a to see it Lt brings’ a“concept to Yyotr mindvtharivou 
| may have been describing in some other language: 

16 | "Major avulsions or changes in channel direction 

17 and form occur regularly, particularly in semi- 

18] arid regions and even in humid regions during 

19 | Gatastrophic rare floods." 

ARe you familiar with the process where by there are 

ah major changes in channel direction? 

os MR. GENEST: Mr. Commissioner, 

ae I must ask again that Mr. Scott should follow the 

24 usual procedure. He sort of reads out a paragraph, 

i. doesn't ask the witness whether he agrees with it or 

a not. To me it's not fair to these witnesses to spring 

7 texts at them, except in the accepted way which has 

‘in been developed because it is fair to the witness. 

ag MRa SCOTT s All right, il think 
pot that's a fair comment, Mr. Commissioner, and I accept 
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Q Does that help you 
understand the term "avulsion" or not? 

A Yes, it does. 

Q All right, now what do 
you understand by "avulsion"? 

A Well, changes in channel 
course. 

Q And is it fair to say 
that conditions favoring an avulsion or a change in 
the channel course, build up gradually? 

A In some circumstances 
they may build up gradually. In some circumstances 
quite rapidly. 

Q Yes, but in any event, 
regardless of the buildup, the exact time at which 
the channel changes its course is unpredictable. 

A The exact time, yes. 

Q Now, looking at the 
Mackenzie Delta, isn't it clear that there is a dis- 

tanct SaaS Teas that there will be a change in 
course in that delta from the middle channel to the 


east channel at some time in the future? 


A This is getting into the |} 


/ 
| 
<4 
| 


area of predicting the long-term changes within the 








delta. Now, I think within the channels that certainly | 


we are crossing, we would fully anticipate whatever 
changes could occur. 


Q Well, just so I'll be 


| 


| 





voy gion dens agod. i) 
tjoa to “soielsys" omed edt bostetobar | 


.peub al «3e¥ A ‘1 

ob aeriw won ,thipis IZA Q 
e"roteluve” yd boetesebay voy 

fenasdo ar aspasds. »ifewW A 
+5BIU09 

yea Of sitet tt al Daa Q 
ai spdedo 6 16 moteluvs m5 prizovel enoidibaon Jscd2 
cylisubsip qu bitnud estes fennaeds ait 

Ssonbazmo1L> smoe at A 
sennetemortn smoe al .vitsgbexp, qv Biied yea yods 
.vibiqs: ssiup 

~sdeve yna ni sod ,aa¥ 0 
dotdw js omly tosxe ads ,qubliad sfz to easlbuspos 
isfdsdothoveay ei sexvoo a3 eepasdo Lennao edd 

-esy omit topxe sit A 

aia a6 potawol ,wou 9 
sath s ei oxen? Jbdo uselo 32 3 tet ,no ied eismeADeM 
az spnbda 5 sd (fiw oxsds wsdd ysilidieeog soni? 
sii 03 Iennsdo eibbim edt movi stieh Jedd at Sexueo, 
Saivtu? sit at emit omoe Js Jengsio 2668 
ete oltnt paktsep ef 2irsT A sin 
sd3 aidtiw aspasdo met-pnol od} pridotbexq, to seam 
yiniesisa t6d% alennmeds on: stdttw aaids 1 ywow .stisb 
‘sovetedwW -ededicidas yilv?, bluow ow \pitkesero 915 SW 
ms 





ed [‘Lioe sent \ifew 





3038 


ALLWEST REPORTING L-TD. 
BURNABY 2, 6. C. 


—) 


bo 




















Clark,Hollingshead,McRoberts 

Slusarchuk ,Morgenstern,Cooper 

Hardy ,Williams 

CLroOss=Exam by Scott 
clear, what we're talking about here, as I understand 
it, is a process in which there are two channels and 
and 

one,/as a result of conditions, the water in one 
eventually mves into the other, and the first either 
dries up or becomes minor. 

A Yes, you could certainly 
get a very long-term change in the delta, in the 
tendency of the flow to the east channel or for that 


matter back to the middle channel. 


Q All right now, what do 





you say from your studies about the prospect of a 
change from a flow from the middle channel to the 
east channel? 

A I would say that these 
changes would be very, very slow in developing. 

Q Well, let me ask you this, 
do you predict a change of that type? | 

A We have not considered 
it to be a major factor in the designs, we don't 


consider, because of the time it would take, to have | 





a major change of that nature. 
9) Before we get to that, | 
do you regard that change as a distinct possibility 
in the future? Leave aside time. 
A Well, how far in the 
future? 


Q No, is an examination of 





the river channels sufficient to enable yoyto conclude 


whether that change is in the works? 








(aids woy xan sn tsf ,fie ‘ 


einis#xzao Slugs voy SBF A 



























basverebsy I es , stad Teods pr itiss stew tedw ,786I0— 
bits efetteri OW) ote eredd Noidwee eaacorg & af ot 
avo ci redew sng | Stoke THROW io Jives1 & 
aattis De2id eth bane \Aprisa att ‘ogat pevon yifsusaeve, 
.tomim 2emoved sc qu eeitbh 

eld ok yscleb edd of SpRedD Lea E AOS yisv 8 3595p 

4ud3¢ I-3 to lefnsHo te6e sat OF Welt aft to yousbasd 
jenasto- 2fbbin: st? 02 dns tesism 

6 tedwe .wom tiprs ifA o 

sc io s9aqeoxrd att goods ssibote “my mots yee yoy 

ag jeansdo sibhim en? mova wold 6 mowl spnedo 
Sisnasiy Jase 

eeant jens? yse Blyow 7D 


enigoloreb al wole Y.ev.,Yasv ef Siuew sospnslo 


Cony? sere Zo Sparen 6 Jareeng voy ob 

Seiesbserton ton sven) sw A 
$i nob ow .aabieed od oi t0d0s2. tefem 8 ed oF 3h 
sesd. of .etad bivow 22 omis of3. 3b sapeoss ~tebilanoS — 
.otusse: to03 20 apnado rofsots 

,80 OF Jase ow aIOlSH Gg el ae 


ytiildlesoq sonkteib 6 26 spnsdo Jed hxspet ucy ob 


-amids obies svsel Texusu® edt at 


sii al vst wot ,ils aA f oe 
to notjisuimsxe ne ef Ou Q oe a. 
ebiilonos olvoy sidens od Jasioiiwe eloennsds oe 
ae Seaow off ai 2l opundo todd sedder 


3039 


ALLWEST REPORTING L.-TDO. 


 URNABY 2, B.C. Clark, Hollingshead, McRoberts 














Slusarchunk ,Morgenstern,Cooper 
Hardy ,Williams 
Cross-Exam by Scott 


A No, I wouldn't say that 
we can conclude that it is in the works and it will 
take place, because other events within the delta may 


halt the process. 
Q i ttake 2ttithat. in. any 


event, the crossing at Swimming Point makes no allowance 


for, that’ possibility. 

A Nowesiry, tiydoesn tt. 

Q So that as far as Swimming 
Point is concerned, you've assumed that that avulsion 
is not going to accur within the lifetime of the 
pipeline. 

A We certainly have not 
considered that the entire flow of the Mackenzie would 


be directed through the east channel, no. 


Q And again you've made 
a judgment and taken a risk in setting your crossing. 

A I would consider ita 
negligible risk. 

Q ALLS riont, Have you 
taken ‘the opinion of others with respect to the 
possibility of that avulsion within the life of the 
pipeline? 

A Only sain, the respect 
that amongst the other members of our firm and of 
Northern Engineering Services we have certainly dis- 
cussed in some detail the things that ought to be 


considered. 


Q No outside opinion? 
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i A No, no outside opinion. 

3 | Q And would you agree with 
4 | me that avulsions of that type could occur on many of 

; the crossings on the Yukon North Slope? 

ef A I would agree that 

7 avulsions and very rapid changes in channel pattern 

el could occur on the braided rivers on the North Slope. 

9 Not of that type, though. 

10 Q 1 366e:. | 
11 A It is a different | 
12 type. | 
13 Q But situations in which | 
14 the channel changes, the principal or one of the 
15 principal changes changes. 
16 | A Yes sir. | 
17 Q And I take it that in | 
18 preparing your river crossings you have not made any | 
19 assessment as to neehen those avulsions are likely 
20 or unlikely within the life of the pipeline? | 
21 A Well, I would say we 
ae certainly have made an assessment in that we have 
23 based in stating our methods, we simply state that | 
a they can occur and will be accounted for in the 
25 designs. | 
os Q Yes, but I take it that in| 
_ terms of placing the pipe you have not made any allow- | 
we ance for those possibilities on the basis that you 

= think they are unlikely to occur, in the short-term. | 

| 





¥ A No, we've -- it's not | 
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relevant to my way of thinking in the placement of 
the pipe; but we've designed the crossing or we will 
design the crossings on the basis that they will occur. 

Q So that what is going to 
happen, I take it -- and tell me if I'm wrong -- is 
that at each of these crossings at some point a judgment 
will have to be made as to whether an avulsion is 
likely within the lifetime of the pipeline. 

A I think we're talking 
about the same thing in the North Slope braided rivers. 
To my way of thinking the judgment has been made, they 
will happen and they'llhappen on an annual basis. We get 
very rapid shifting of these channels. 

Q Well, has the -- in each 
case has the, on the Yukon North Slope, has the entry 
of the pipe into the river channel taken account of 
all prospective avulsions? 

A Yes, our design methods 
are such that we would take account of them. 

Q Because you would agree 
with me, that if during the life of the pipeline, there 


is an avulsion that has not been predicted, that goes 


| 


‘behind the sag bend, it may cause difficulties. 


A Ipicot d“cause “difflicul-. 


ties, yes. 


Q Not only engineering but 


environmental difficulties. 


A I think more engineering 


tran environmental. 
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Q Well, to fix the engineer- 
ing ones there may be some environmental ones, would 
that be fair? 

A It would be fair to say, 
yes. 

THE COMMISSIONER: Has Dr. 
Hollingshead's report on six river crossings been 
marked as an exhibit? I know it must be on the list 
of documents provided by Arctic Gas, but for me to 
be able to examine it it should be marked as an exhibit. 

MR. SCOTMMGAg don “st thank at 
has, Mr. Commissioner. 

MR. GENEST: I don't believe 
it has either. 

(DR. HOLLINGSHEAD'S REPORT MARKED EXHIBIT 94 ) 

MR. GENEST:We'll tender it, 
Sir. 

THE COMMISSIONER: Just give 
it the next number, Miss Hutchison, and when Mr. Genest 
supplies a copy, it can be marked. 

MR. «SCOTT:: Dr. "Hollingshead, 

I wonder if you could describe for us with respect 

to let us say a 10 to 30-foot wide river on the Yukon 
North Slope how you propose to cross that? What are 
vous goingutordo,editch it? 

WITNESS HOLLINGSHEAD: This 
10 to 30-foot wide river, is that a single channel 
in size channel, is that one sub-channel in a -- 


Q One channel. 
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A A single channel. 
10) Yes. 
A The pipe would be buried 


in a ditch beneath the stream bed. 
OQ Bue i Cake ere: ft will 


be ditched, will it? A ditcher will go across the 


river. 
A Not necessarily a 
ditcher. 
Q How will it be done then? 
A It could be a back-hoe. 
Q And what is going to be 


done with the spoil that is produced in that situation, 
which I take it will be piled on the ice while the work 
is being done? 

A Thats "signe, “re would 
be probably piled on the ice. 

Q And then what's going to 
be done with it later? 

A Then it would be 
returned to the ditch over above the pipe. 

Q imsee, "ana. this; lL take 
it, to be clear is going to be done in the winter? 

A It would undoubtedly be 
done in the winter. 

Q Do you think there's 
any practical prospect that the repair work necessary 
as a result of that exer dse can be done in the winter? 


A The repair work? 
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Q Yes. 
MR. GENEST: What repair work? 
A Nothing has been broken 
Vet. 
MR. SCOTT: No, but I take 
it) thatwafte nicer 
THE COMMISSIONER: i hope not. 
MR. SCOTT 4 iNo, I, don’ t make 
myself clear. You see, you speak of repair work in 
terms of the pipe breaking all the time, and I'm quite 
content that you people will be able to solve those 
problems. I'm interested in repair work in another 
context, that is repair to river banks and repair to 
the flow of streams and so on. Don't worry about the 
pipe, I'm sure that you people can handle yepairing 
that. Is it going to be possible to affect that kind 
of repair, of which I'm speaking, inthe winter? 
A You're talking about 
re-building the banks? 
9) Rebuilding the banks 
again, restoring the channel. 
re) wefiStonat are you going 
to do withthe ice and the snow? 
A The ice will melt; the 
snow will disappear. 
Q And it's intended that 
this will be done in the winter. How are you going 


to get through the ice and snow to do this repair 


work? 
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Cross-Exam by Scott 
THE COMMISSIONER: Will you wait for the 
ice to melt? Willyou wait for the snow to melt? Is 
that what you meant? 

A NO, no, 20, ie Cink 
perhaps I should let Mr. Williams -- I suspect this 
will come up more in the construction panel -- 

MR. SGOTT: Daknows, it.will, 
and I want to hear Mr. Williams on that, but I put 
it to you that in terms of presenting a design solu- 
tion for these problems, you are obliged, are you not, 


to consider the environmental impact of the solution? 


A BRE ass 


Q tenet. that. fade 

A Yes. 

£0 And jisn't itso that 
-- others may have considered it -- but that you in 


preparing the design haven't considered it? 
A Oh, I think we have. 
Now I just lost you a little bit. Are we talking about 


the ditching, preparing the ditch to receive the pipe? 


Q No, I'm satisfied that the 


pipe will get inthe ditch ‘allyxicght but as I under- 
stand from the exercise you're going to send ina 
ditcher or a backhoe and the stuff will be piled up 
on top of the ice and snow, and then will be replaced 
-- is that correct, Mr. Williams -- into the trench? 

A It will be replaced into 
the trench to the original bed deposit. 


Q Well now I take it that 
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the situation isn't just going to be left that way, 
is it? 

MR. GENBST: What situation? 
I can't understand the questions, Mr. Chairman. 

A iem’sorry,-l'm aviittle 
LOSTACEOO. 

MR. SCOTT: How are you going 


to repair the bank? 


A The bank will be rebuilt 
according to the final design that is produced for 
that particular “crossing: 

Q When will it be rebuilt? 

A At the time, immediately 
after the pipe is installed and the material has to 


be put back into place. . 


Q Inethetwinter? 
A That is correct. 
Q And as a matter of 


implementing your design, are you satisfied that that 
can be done before the snow and the ice have been 
removed, to your final satisfaction? 

A You've got to take the 
snow and the ice off before you can produce the ditch, 
presumably. 

Q At the ditch area, yes. 

A At the ditch area, yes. 
And then the pipe goes in and then the bank will be 
rebuilt and the ditch and the stream bed re-filled with 


the available material, and any question of what 
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Cross-Exam by Scott 


happens to the snow and ice after that, it seems to 
me to be irrelevant. 

Q Aiereai lem ir tira os ay Our 
view. Mr. Williams, did you want to add something? 

WITNESS WILLIAMS: I was wonder- 
ing how this is going to be any different from tens or 
20 or hundreds maybe of river crossings built in 
Northern Alberta and British Columbia in the wintertime? 

Q Le*s*probably not, "but 
there are special mandates connected with this pipeline 
that don't attach to your other pipelines, and it's about 
those environmental mandates that I'm concerned to 
ask questions. 

A Well, traditionally 
rivers in Northern Alberta and British Columbia are 
crossed in the wintertime and they are restored at 
the time of construction. 

Q I take it, Mr. Williams, 
that you. re not telling the Inquiry that you're going 
to build the kind of pipeline that you build in 
Southern Ontario. 


WITNESS HOIDINGSHEAD: He said 


Northern Alberta. 


Q Well, let's take Southern 


Ontario or Northern Ontario. 


WITNESS WILLIAMS: Some of 


the procedures are the same. 


Q Are they going to produce 
with 
the same impacts/which I am familiar? 
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‘Cross-Exam by Scott 
I would have thought that there was a special environ- 
mental obligation here which you willingly assumed, or 
assumed, and which makes you particularly conscious of 
these matters. 

A Yes, we have outlined 
some special procedures that take into account environ- 
mental considerations. 

Q SO, it's thesposition.of 
Northern Engineering that it's going to be done better 
here, asn't it? 

MR. GENEST: Better than what, 
Mr. Scott? 

MR. SCOTT: Better than the 
traditional pipeline methods exhibited in Southern 
Canada in terms of restoring the en_vironment. 

A Special procedures will 
be required for the particular environment, yes. 

MR. SCOTT: Excuse me one 
moment, Mr Chairman. 

THE COMMISSIONER: Just so I 
understand where we're at, the comparison with pipe- 
tines in Northern Alberta or Northern B.C., however 
far it extends, is limited, as I understand it, by two 
things, first of all certainly on the North Slope of 
the Yukon you are within the region of continuous 
permafrost; and secondly, you haven't built pipelines 
to carry chilled gas in Northern Alberta or Northern 
Bae There is no question about what I've just said, 


is there? 
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A I agree, sir, yes. But 
I don't think the bank restoration is contingent on 
the chilled pipe concept. 

Q No, but bank restoration 
may well be affected by the fact that the bank lies 
within the zone of continuous permafrost. Presumably 
that's a much different problem than what you'd 
encounter in restoring a bank in a zone where there 
is no permafrost, or in a zone of discontinuous 
permafrost. 

A But . these Northern 
Alberta and British Columbia crossings that I speak 
about do have a substantial depth of seasonal frost 
at the time of construction, ands certainly 
the frost will be deeper, but the procedures, I 
think, are known. 

MER aSCOTR:hMoaye leq ust 
clear up a number of matters that we have in our 
notes? 

Q Fiestyofiadi, Dre“ Hardy 
on Monday, I think, Monday a week ago, made some 
observations about blasting of ice jams. Do I under- 
stand that no ice j~ms have ever been blasted on the 
Mackenzie River? 

WITNESS HARDY: What I said, 
Mr. Scott, was that blasting would be considered, and 
this is what I pointed out yesterday. 


Q Yes, well -- 


A And it will be considered 
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Clark,Hollingshead, McRoberts, 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 

Cross-Exam by Scott 


because every time there is an ice jam somewhere and 
it's causing trouble, someone suggests blasting. Now 
there have been all sorts of rivers in Northern Alberta 
and the Northwestern part of this continent where 
blasting has been considered and has been used with 
ice jams. 

Q Yes. Well, the reason 
I asked the question is that obviously blasting in some 

m 

Speen ie Dr. Cooper's predictions less key than 
they are now, and the first question I want to ask; is 


anybody on the panel familiar with blasting on the 


Mackenzie River of ice jams? Has it ever been done? 


A On the Mackenzie River? 
Q Yes. 
A Well, I am not familiar 


with any, but there is no reason to believe that 

it would be any different than anywhere else; and the 
part of the blasting technique that would come in in 
these considerations that I'm talking about would be 
that it doesn't put: pr. Cooper out of’ business, it's 
part of the game. 

Q All right, well we don't 
want that, but I take it then we can affirm that as 
far as we know it has never been done on the Mackenzie 
River, and I think Dr. -- 

A icant Say Enact at aid. 
The Mackenzie River is a long river and they've been 
having ice jams for generations. 


Q You don't know -- 
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A And there may have been some 
done -= 

Q YOU adon@ceknow or “any, “Dr. 
Hardy? 

A But you asked me to say 


that there weren't any. 

Q Welly, 1 don"t ‘ask: you :to 
speak beyond your personal knowledge. Do you know of 
any blasting of ice jams? 

A I don't know -- 

MR. GENEST? Oh, come on, Mr. 
Scott. He answered your question quite adequately. 

MR. SCOTT: -Dr *‘Hardy' 1s sfencrng 
with me. Dr. Hardy is fencing and -- 

A Noe lim not, tencing atiall 
rol aa 

MR. GENEST: My learned friend, 
Mr. Commissioner, turned a question that said, "Do 
you know of any blasting"? 

And Br. Hatdy -dSaidi? "Noi" 

And he said, "So then there's 
been no blasting," which is an entirely different -- 

Mn SCOTT: Tes dias tha tert 


apologize, I apologize to you, Dr. Hardy, as well. 


QO Now -- 

A I'm sorry if I am not making 
myself clear. 

Q -- do you know of any blast- 


ing of ice jams on the Mackenzie? 
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‘Cross-Exam by Scott 


A I know of none, no, 

Q I take it nobody else 
knows of any? 

A OhnyY 2" wouldn"t/say*that 
acral. 

(LAUGHTER) 

Q Nobody else on the panel, 
is there anybody else on the panel who knows of blast- 
ing ice jams in the Mackenzie? I take it the answer 
is negative. 

A Right. 

Q All right, now you said, 
as I understood you, Dr. Hardy, that it was a matter 


that should be considered. 


A I said it would be 
considered, not should; would be considered. 
Q AVI-rigner srs Northern 


Engineering in the course of considering it? 

A No, in the context that 
I suggested that in the evidence, sir, and as I 
explained a few minutes ago, it's almost an axiom that. 
if you are faced with an ice jam that you figure was 
going to damage this pipeline, the people that were 
concerned with the protection of the pipeline would 
give consideration to blasting, and in that considera- 
tion there would be a great number of factors come in, 
and they would get experts in the field of blasting 
ice jams. 


Q The point that concerns 
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me is that if it is the position that Hasting of ice 
jams on the Mackenzie River maybe considered at some 
point by the applicant, for whatever purpose; I want 
to know if any work is being done on that subject. 

A Not that I know of. 
There is know-how, there is expertise available on 
this that you could go out and engage. 

Q Well, my point, and 
perhaps Dr. Hollingshead can answer it, is if this 
is seriously being considered, or is likely to be 
considered, what studies have been done about its 
possibilities and about its effects? 

A You're taking the 
existing all out of the context of the original 
evidence that was given, sir. 

WITNESS HOLLINGSHEAD: I was 
just going to say we are not now considering 


blasting. We are not actively considering blasting, 


Q Andy. takexLte thateit’s 
not -- as far as you can see -- a realistic prospect? 
At the moment. 

A At the moment we are not 


looking at it as a potential solution or realistic 
solution to the problem. 


Q Well,I'm entirely 


satisfied with that. 


WITNESS ie De Sint out. My: 
Scott, though, you see in the government regulations 


that are being proposed, blasting is given attention 
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in the subjunctive mood. The subjunctive mood, sir. 

Q Oh, in the subjunctive 
mood, I understand. 

MR. GENEST: Many subjunctive 
blasts -- 

MR. SCOTT: I've got Northern 
Engineering Services’ position on record with respect 
to blasting, and I'm entirely satisfied with that. I 


don't have to pursue something that they don't take 


-- that they are not actively considering. 
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Cross Examination by Scott 
Well now Dr. Hollingshead, 

let me just ask one or two questions about the crossing 
at Swimming Point. 

You've decided that there 
should be a twin crossing there as I understand it? 

WITNESS HOLLINGSHEAD: A 

We have recommended a dual 
crossing. 

Q Yes, and one of the Be 
will be in the position that the original pipe was going 
to be win, is that correct? 

A Yes, sir. 

Q And the other, I under- 
stand will be on the north side of the original location? 

A It's downstream, sir. 
That's northeast. 

Q Did you give any consideratio! 
for reasons that we will have to deal with later, to | 
placing it on the other side of the original line? 

That is, on the south side? 

A I believe that was 
looked at at least, the reach of the river was studied 
but this was a very preliminary study, and it would 
certainly bear a further looking in the final design 
stages. 

Q Yes, Were you aware that 
the northernmost crossing, the additional line to the 
north downstream, goes through an area that some at 


least regard as recreationally and archaeologically 
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important at the Holmes River? 

A No, I wasn't aware of that 
sit 

Q No. Well now, in Section 
8A page 6 of the application, and I don't know who 
should deal with this, except that it has to do with 
the rivers. The applicant claims to have developed 
special techniques for crossing "beaded streams." And 
we don't seem to have heard anything about that, if I 
understood what people were talking about. 

Where is the evidence of that 
technique, or the attempt to develop one? Are there 
reports that deal with the special techniques that 
you have developed to cross beaded streams? 

A We showed very simple 
schematic diagrams of typical crossings in the Exhibits. 

Q Yes, but I -- 

A This included one which 
would accommodate a so-called beaded stream. 

Q Yes. The promise of the 
application to me at least was that a special technique 
had been developed to deal with beaded streams. Is 
Liat correct: 

A Heddon “EVthinkethaw there 
is anything special about it. 

Q You are just going to 
cross that stream, the way you cross all the others? 
It seems to hold out a prospect of -- 


MR. GENEST: Could I have a 
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reference to that, Mr. Scott? 

MRy SCOTTae Yeszuwitts at 
page number 6. 

THE COMMISSIONER: That's 
Exhibit 54? guisothatiExhibit 542 sAnd{that!s, what is 
Pevagain, 8. what, Mu. Scokt? 

MR. SCOLT<a rt Ss. SA; 

THE COMMISSIONER: 8A, page -- 

MR. GENEST: Tab one 
description. 

MREnSCOTT: ayvl Fdonit havegthe 
tabs, I just have loose sheets. Page 6. 

I should perhaps read it. 
"An example of an Sic ent problem", it's the 
third paragraph -- 

THE COMMISSIONER: Yes, that's 
raghbs 


MR. SCOTT: --"which was 


solved as a result of such interdisciplinary work, 


involved the beaded stream, which appeared to be of 
little engineering consequence during the initial 
route location work". 

Q Now, I take it, stopping there, 
that what that means is that the beaded stream didn't 
present any engineering problems that were unusual? 
is, that correct? 

WITNESS HOLLINGSHEAD: A I 
think that's fair to say, yes. 


it 
Q The passage goes on, such 
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streams however, are often used by Arctic grayling for 
critical spawning and summer feeding activity. It was 
therefore necessary for the engineers to develop 
techniques for crossing these streams so that their 
ability to support fish life was not impaired." 

MR. GENEST: Where does 
"special' appear? 

MR. SCOTT: Well it doesn't, 

Ivy put that =-- 

MR. GENEST: Well again Mr. 
Commissioner I must insist that if my friend is putting 
statements to the witnesses he should quote them | 
accurately. 

MREMSCOTL OW OS AT raght ,-Slet 
me“ask ‘this*iquestion Dr. ‘Hollingshead? Is there 
anything unusual or special about the techniques that 
you are going to use to cross beaded streams? 

A Not-*particularly I don't 
think, except that the location would be such that it 
would be between beads presumably. 

Q No, but this sentence 
says, "it was therefore necessary for the engineers 
to develop techniques for crossing these streams." 

WITNESS CLARK: A Perhaps I 
couldMaddaito'that-Mr .o Scott? 

Q Thank=vyou.Dr: Clark. 

A I recall a discussion 
with our fish consultants where they pointed out to us” 


that the beaded streams were used in some instances for 
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over-wintering, or for a migratory path. 

Q Yes. 

A We had been unaware of 
that, because they are rather small streams in many 
instances you can stip over them or get beyond them, but 
they are quite deep. They are characterized by, in 
areas where ice has melted out to form what looks like 
a bead. When this was pointed out to us at that time, 
we felt that there were designs that could maintain 
a flow through those areas. 

We have since expanded on our | 
analysis to determine whether or not the ice would 
freeze to the bottom, at the location of the pipe. 

We have found that a very small flow is required to 
keep that open. These were convective studies that 
were made by Dr. Harlin and some of them are referred 
to in the responses to questions in the PAGG group, 
but not specifically to beaded streams. 

There was also, we have 
discussed in previous evidence, some of the techniques 
that we could use to maintain flow in a gravel bed 
where there is significant ibeduflowi)¢So that ithese 
would be treated on an adhoc ese ie 

Q pra Glark;xbsdontt (want 
to take up the time of the Commission, but can you 
direct me to the place in your application or in your 
material, where you set out the technique that you 
have developed that will be used at beaded streams? 


A Not in the application, 
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no. Other than the typical drawing that Dr. Hollingshead 
referred to. 

MR. GENEST: It seems, to me 
that that was discussed Mr. Commissioner, in chief, that 
very problem, the forming of an ice barrier at a stream 
where downstream fish need a continuing water supply, 
and we had quite a discussion as to the methods which 
would be used. 

MR. SCOTT: We haven't been 
able to find in the transcript as I understand it, 
any technique that was developed for beaded streams. 
Perhaps if there is one, without wasting any time, 

Dr. Hollingshead on a later occasion can let me know 
what the technique is, and where it can be found, sot 
that we can examine it. I may have overlooked it, but-- 

Q Well now, one other 
matter if that matter can be left that way, is that 
in his examination by Mr. Bayly, Mr. Dau on the last 
panel indicated that it would take a few days, to one 
week to restore service in case of a damaged river 
crossing. 

The dual river crossing report 
of July, 1974, indicates does it ae Dr. Hollingshead 
that the worst case failure would be between 30 days 
and 150 days? 

WITNESS HOLLINGSHEAD: A _ Yes, 
SiG. 

Q Yes, is there any way 


of extrapolating an average case that isn't a worst 
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case, but isn't the best case? 

WITNESS WILLIAMS: A Mr. 
Scott, are you sure that he was referring to river 
crossings in that-- 


Q I thought he was. I just 


didn't think he intended to say that, and I just wanted 


to clarify with ‘this panel. 

A I don't think he did. 
I think he was referring to a failure on dry land. 

Q I am now told that it 
may have been a typrographical error, but I take it 
that if he was referring to a river crossing, this 
panels' view is that the worst case is 30 days to 150 
days, and I take it the best case is substantially 
more than a week? . 


A At river crossings? 


Q At river crossings. What 


do you think the mean time for repairing a river 
crossing, not the worst but not the best would be? 

A We have dealt with this 
in one of the responses to the Assessment Group where 
we suggest that possibly a temporary line would be 
installed. It would depend on the river; a temporary 
crossing could probably be installed and back into 
service in as short as time as a week, but again 
depending on the time of year and what the river was 


doing. But, and then the permanent repair would take 


much longer. Putting in a permanent repair, a replacement 


of the whole river section would essentially take as 
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long as the original installation. So I don't think 
there's a real definitive answer to your question. It 
would depend on circumstances. 

Q Now let me turn to one 
other matter. Dr. Cooper, I take it that in designing 
any river related structure one of the inputs to your 
design is what is called the design flow? 

WITNESS COOPER: A That is 
Correct, 

Q Yes. 

A You are referring to 
training works? Or a buried pipeline crossing? 

Q Either one? 

A Well, of course there is 

use 
different/ of design flow in either case, but go on. 

Q Andi dktake tt),n thats if 
I can put it in laymens' language, the design flow 
is an estimate depending upon which standard you use 
of the volume of water that passes a given point at 
a given time? 

A The rate of which; if you 
add the rate to that, yes. 

Q Ailes righted. se iththe 
rate or the rate and the volume? 

A Well, it's the rate at 
which that volume passes. 

Q I see. Would it be correct 
to say that both the Assessment Group and a large 


consulting firm have expressed doubts about the 
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adequacy of the design flow figure that you have 
assumed? 

A I'm aware of concerns 
that have been expressed about the application of the 
design flow data that we are using. In some cases 
this was a misunderstanding, in some cases -- I'll 
go into the misunderstanding I think, just to clarify 
Tb 

The one instance I'm thinking 
of was on the design on the Firth River, whereby 
our selection of a design flow was the flow in a sub- 
channel which naturally would be considerably less than 
the river in total was carrying, at that time. 

I believe there's been some 
concern 
expressed a&S to the adequacy of the data in general 
that we are using. And I would like to point out 
that basically this is data, and that we are ourselves 
reassessing the most severe flows that we will use 
for different types of design. 

Q Well, I take it that in 
one of your reports which has been referred to this 
morning, you recommend that the design discharge for 
river crossings should be what is called the "One 
Hundred Year Flood"? 

A This was recommended in 
one of my reports for preliminary design done some 
years ago, several years ago. 

Q Well is that design 


flow basis on which your studies have been made? Is 
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that what you are using? 
A No, not in all cases, no. 
That's what we are using on the Mackenzie River. 


Q That's what you are 


using on the Mackenzie River? 


A Yes‘. 

Q What are you using in 
other cases? 

A We're using an estimate 


of a severe, or an extreme flow that is based on an 
analysis of maximum recorded flows. It has no statistical 
Significance, that estimate, but in practice we find 
it very useful for design. 

Q Well let's take the 
"hundred Year Flood", first, and I wonder if you could 
explain, I was going to say to the Commissioner, but 
perhaps to me, what that is? Because that is used 
on the Mackenzie isn't it? 

A Yes, that has been used 
on the preliminary designs on the Mackenzie. 

Q That's what you are using 
on the Mackenzie? 


A What we mean by “a 
hundred year flow" is the flow that has a statistical 
probability of recurrance once in a hundred years. The 
way we arrive at this number is to analyse existing 
stream flow records and do a frequency or statistical 


analysis on the maximum flow in each of the years 


throughout the period of record. 
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Usually it's necessary to 
extrapolate this analysis since we very seldom have 
flow records that extend to a hundred years. In the 
case of the Mackenzie it's in the order of 25 years 
that we have these records. In that way we come up 
with a flood discharge of a frequency recurrance of 
one in a hundred years. 

THE COMMISSIONER: Well, the 
concern being I take it that once in a hundred year 
flood might occur within the lifetime of the pipeline? 

A Yes, of course there is 
a concern of this, and there is a very real probability 
associated with it. However, I should like to 


point out that in the final design of these crossings 


Ke f 


we will, particularly the Mackenzie River grossing 
where fortunately we do have a fair amount of flow data, 
we would look at these with respect to predicting 

scour on the basis of even higher flows occuring. 

Nowe Lsthinke1t ss: also 
important to realize, and I hope I don't get too 
technical here, that the flood frequency curve on the 
Mackenzie River is very flat or unresponsive. This is 
due to the rather constant input from Great Slave Lake, 
Now, in pratical terms what I mean by that is the 
difference, the relative difference say between a 50 
year flood and a 100 year flood, or the Peiataue 
difference betweeen say a 100 year flood and a flood 
of even rarer occurence, is low. 


In other words, there is not 
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that much difference in the flow, because of this lake 


input. It's low in comparison to rivers such as the 


Liard or the Peace etcetera. 


’ 





eini eint to aeuseped ,wol? oft mf Someneltib doom ted? 
eis 26 dove exovis-ot noetiseqmeo nf wol 2's ..duqnd 
.ststente ao5et eft 29-dashd 





REPORTING LTD. 





3067 


Clark ,Hollingshead, McRoberts 
Slusarchuk ,Morgenstern,Cooper 
HardyWilliams 

Cross-Exam by Scott 


Q Well, Dr. Cooper, how 
m any years of stream flow observations are necessary 
at a river site to make a reliable estimate of the 
100 year flood,within let's say a 20% range? 

WITNESS COOPER: I would say for 

with 
a river the type that we're dealing with,/the Mackenzie, 
it's something in the order of 25 or 30 years would 
be considered adequate. For a river that exhibited 
greater changes in these flows you would need possibly 
Bp Con l0l years: 
ety Q Well, I put it to you 

thatito say/with a river that exhibits greater changes 
you really beg the question, don't you, because you're 


trying to predict from 35 years' experience what the 


experience over 100 years will be? 


A What it might be. 
Q What it might be. 
A That'siicorrect. : 
Q Well, would you qieao uae 


with an engineer who asserted that in order to determine 
a reliable estimate for the 100- year flood you would 
have to have observations pretty close, if not in 
excess, of 100 years? , 

A Again this depends, sir, 
on your degree of reliability. Now, on the Mackenzie 
Rives f-4 

Q Well, I'm concerned about 
risk, that's why I asked this. 


| 


A = orlthe Mackenzie River, 
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I have to emphasize that we do have a lot of things 
working for us, primarily the rather constant inflow 
from Great Slave Lake, which forms a significant part 
of that flow. 

THE COMMISSIONER: Did you 


say Great Bear Lake? 


A Great Slave Lake. Great 
Bear Lake also adds to the rather well-tamed behaviour 
of the flow. 

Q A minute ago in answer 


to my question I thought you said Great Bear, but you 
meant Great Slave? 

A I meant Great Slave. 

MRXOSCOTT: Well »ejustesovl' 11 
understand for later purposes, is it your proposition 
that you can obtain a reliable estimate of the 100- 
year flood after 25 years of observation on the 
Mackenzie Valley? On the Mackenzie River! | 

A Yes, it's my opinion 
that 25 years on the Mackenzie River is adequate. On 
@ lot of other rivers I'd say no to that. 

Q What's required on 
other rivers that are within the amid 6 of this pbajecte 

A I would say 35 to 50. 

Q I see. Well now let's 
see if I understand what that means. Let's assume that 
a river crossing of the Mackenzie, as it will be, I 
gather, is designed to 100 year flood level, the 


design flow. Let's assume that, all right? 
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2 A Fine. 
2 Q And let us also assume 
4 -- it may not be the case -- that any greater flood 
5 would damage the crossing. 
A I agree with you, it 
7 would not be the case, but.-- 
g | Q Well, let's assume it. 
| A Pane. 
ea Q That's what we're talking 
11) about, and let's assume that the crossing has a4 
12" life of 25 years. 
3 A Fine. 
14) Q What are the chances 
is numerically that the river crossing will be damaged 
16 on those assumptions within 25 years? 
17 A If all your assumptions 
18 | are correct, the probability of damage would be signi- 
19 | ficant. I don't have the exact’ figure with me, but it 
| 
20. is calculable. 
2b Q Would it be roughly 
22 | 22%? 
23| A That could be right. 
24 Q And L take it. that that 
25 | is the risk that potentially at least is at stake if 
26 | one uses the 100 year figure on the Mackenzie‘ 
21 | A Accepting all of your 
28 | assumptions, which I do not accept. 
29 Q All right, but even if 
_ 30} you don't, I take it the assumption you don't accept : 
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is the assumption that a greater flood will necessarily 
damage the pipel 

A That's correct. in 
establishing a design for the pipeline, we would ~~ 
the minimum we would do. is try and estimate, even 
though the reliability of the estimate would be somewhat 
uncertain, we would estimate what the maximum flood 
that could occur, and we would evaluate what this would 
do. to: scour: 

Q Well -- 

A So in answer to your 
question, the total safety of the design is not 
predicated on the occurrence or the exceedance of a 
100 year flood, no. 

Q But would you agree 
with me that I produced the figure 22%, and you say, 
"Well, that's based on your assumptions, and one of 
your assumptions is that the worst flood in excess of | 
the 100 year flood will damage the pipe." You don't 
buy that.. That's why you say 22% realistically is 
too high? 

A Oh yes. 

Q All right. Now would 
you agree that the realistic risk would be, let us say, 
10%? 

A No-sir; much, much 
lower than that. 


Q Well, what do you think 


the realistic risk on this basis is for those river 
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crossings? 
A I cannnot place a number 
on it. We're involving judgment here. All I can state 


the risk in,is in qualitative terms and it would be 


extremely small. 

Q Well now, on the other 
hand what we've been talking about is the risk that 
results from a flow in excess of the 100 year limit? 

A Could you state that 
again? 

Q No, what we've been 
tadiking about. jan trying Lo fix this risk to your 
river crossings, is what would happen if the flow 
exceeded the 100 year figure? 

A Yes. : 

Q Well now, I) put it to 
you, you and I don't agree on those figures perhaps, 
Dutt» puE St eto you. that (there -are-a: lot ‘of other | 
factors apart from flow that can lead to the damage | 
of a river crossing, such as slope failure on the 
approaches to the river, or an ice jamé 

A These are to some extent 
independent. Certainly the ice jam, in the case of 
the ice jam,you would need a combination of an ice 
jam and the very severe or extreme flow, to cause 
damage. 

Q Well, wouldn't you agree 
with me that whatever the risk that results, or however 


you calculate the risk from the excess flow beyond the 
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tL Cross-Exam by Scott 
2 100 year limit, the risk is increased by the possibility 
a of damage from other causes, such as bank failure or 
4 | ice jams or what have you? 
S| A I'd have to go back and 
6 examine my statistics, because these are independent 
a events, to some extent. 
= Q But any one of them can 
*| damage the integrity of a river crossing! 
10 A Conceivably, yes. 
a Q Wellsous put. ditacto'you | 
12 | in short that there is, I make no criticism of it, 
13) it may be solveable, but there is a measurable risk 
14 |, attaching to these river crossings, leaving out envir- 
ical onmental considerations? 
16 | A I would say that there 
=F | is an element of risk; a measurable one, no. 
| 
18 Q Well, would you agree 
a with me that in a report to Northern Engineering : 
| Services,Shawinigan Engineering criticized the choice | 
an of the 100 year flood that you made? 
22 A The choice of the 100 | 
i 
a year flood? 
24 | Q Yes. 
ao | MR. GENEST: Mr. Scott, could 
a we have the exact quotation, please? | 
27 MR. SCOTT: It's the report 
asl of the Shawinigan Engineering Co. Ltd., I don't have 
29 | the cover page so I don't have the date for it, but 
eel | I can find it, at page 30 of that report in commenting 
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4 -Exam by Scott 
é | on the criteria developed by T. Blench ® Associates 


5 | in March, 1973, and in particular commenting on design 


4 flow analysis or assumptions, the authors say: 
3 | "The approaches used for design flood estimations 
6 to date could be challenged for being too classi- 


e cal and not taking full advantage of modern 











8 computational procedures. It is suggested 

9 | that analyses similar to the one conducted 
1.07 for Section 51 be carried out for several 
tl rivers to determine whether more refined work 
| would be ~f value." 
a And then to give meaning to that you have to return 
14 to the Section 5. Did you understand that? Perhaps 
13h I misunderstood that. 
ae | A Their -- . 
oF Q Have you read that 

i 
aig! report? 

19 | ; 

1 A No, i) haven=tyrsir. 
oi) Could you read that section again? There was one point 
aly in iti I don't think: I. did understand. | 
22 

Q 
ae . “The approaches used for design flood estimations 

i 
| to date could be challenged for being too classi-' 

(4 i j 
| cal and not taking full advantage of modern 
Re 
26 | computational procedures. It is suggested that 
y | 
7 analyses similar to the one conducted for 
+9 | 
on Section 51 be carried out for several rivers 

i 
2 | to determine whether mre refined work would 
48 be of value." | 

\ ' 

| 

| 
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Cross-Exam by Scott 


A And do you have Section 51? 


Q I'm not sure that I have 
it here. In 4.03 sand) Dlaithe; authors»sayi this: 
"The important river engineering considerations 
pertaining to buried river crossings are iden- 
tified. Of hydrological importance are the 
criteria for design discharge selection. The 
critical condition is assumed to be the 1:100 
peak discharge," 

and thats the: 00: yearsflood:,, is) ©? 

A Yes. 

Q But no justification is 
given for this choice of risk, and then on the follow- 
ing page, table 1 overleaf, compares flood estimates 
from the various sources, which are a number of other 
reports. 

"It is noteworthy that Blench's estimates 

tend to be about half those of the others." 
Now I understood that to be an assertion that the 
estimates on which the 100 year flood was chosen were 
one-half the estimates that others had relied on, 
Do you understand the observation in the same way I 
do? 

A Ieithinkids can comment 
on it, and in many respects I agree. Hews —- 207 
they are speaking of the design of river crossings 
in general. Now, the project is undertaking to re- 
evaluate” -- 


Q Tim sorny,, Mudidh’ trhear 
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what you last saia’ 

A The project, to my 
understanding, is undertaking to re-evaluate its data 
on the maximum flows that would be considered in the 
design. We have to keep in mind, of course, that ale! 
some cases these maximum flows may not be critical to 
design. It may be some other flow, and we have to 
think of that particularly in regard to scour, as we 
have to look at the maximum scour that can occur in 
the entire range of flows that can develop in a river. 
But I believe the type of analysis you're -- or the | 
report is getting at,is being undertaken right now to 
generate this data, and it will be examined in the 
final design. But we're talking about data here. 

Q Yes, but I take it that 
that data affects the -- for example, the place where 
the pipe enters the river, where it bends? 

A No,’ not Significantly." 

of sive 
There are several aspects/the design/definitely would 
affect. It would definitely affect the design of | 
training structures and riprap. This is, of course, the 
primary influence it would have. . | 


Q Is it at least conceivable 


then that you may retreat from these design flow 


7 figures as you get further work done? 


A Re-- 
Q well, I shouldn't say 


PrEtreac 


A The actual numbers that are 
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shown on the preliminary design? 

Q Is it possible that as 
you get to final design you may develop another 
design flow criteria that produces a different 
formula than one in 100 years? 

A I.think it dis quite 


possible that the final designs and the descriptions 


of those designs would include comments that -- to 


the effect that, flows much in excess of this have been 


examined. | 
Q AbeuyouptanilLiaree=e0 win | 
sure you are -- with the concept of the standard pro- 
ject flood? 
A Yes, Sirs, (17.am. 
Q I take it that that's 
G 


a more conservative concept than the one,in 100 years. 
A They are not comparable. 


I've been involved with meetings, in meetings with the! 


concerning design floods and there is really not a 
way of drawing a comparison, an exact comparison 
between a standamiproject flood and a -- 

Q Well, perhaps you could 
explain for me what the standard project flood is; 
what that standard is? 

A It's rather arbitrary. 
The standard project flood is, I believe, defined as, 
a flood that is somewhat less than what they also 


refer -- I've got to describe a maximum probable flood 





Suptesh yysnimilesg edd ao, ewode 

es ters eidiazeog 31 el QO. 
tanvons coleveb yeu voy npiaah Deni? 97 Jep-eoy 
tnetet ib 5 esoxbo1g 2édt sieetine wolt apeab 
Tereoy COL ab sao asd eiumso2 

etiup st ah Aatkds I A 
pnoisqizoesb ai+ bas eoeleeb [aah - ted? sldieaog 
of ~- +542 etnommon sbufont Bivow aapieskh seod? 40 
ery syed etdd lo geeoxe oi dowm ewok jada dostie.eds 
han insxe 

m'I.-- zeittms? voy st4& 9 
=o7g busbaste ent to tqepno0 sid Wdiw -— sa6 voy sive 
Sboel? saoet 

ms I ,20e 2eY A 

@*jsdd tecda 30 sles FT ) 
-emesy 00L si,sno std opdt tqoodoo Ssvisevisenon szOmi se 

oldisxsqmnoo ton ats. ysaTt 4 
sit dtiw epnigesm ot ,epattesm dtiw beviovai geed sv'T 
atetisin poieaeuoeib stew sw novlw exsenipmas bo sqxe° 
s son yiiset ef suadt hoe ebool? apéesh patareones 
Toziisgmco Josxs ns ,oeetysqnas 6 paiwsae 2o yaw 
-- 6 bas Heol? sosfotq iisbassea & neewied 

biuds woy agsenisq , lish 9 
bool sostoxc bishoisse odd tsdw om sod atsiaqne 
Sei Susbaste tedt tadw 

-Visiwttdzs szsdtet |e'3t A 
,\26 beniteb ,ovetfed I ,ai bool? sosetorq fxebassa sat 
cels yort 3siw nedt veel jsriwembe ak ated bool? # 
boolt eldedorq mumixem 4 oclitoeah of top sy'I =- 28287 





20 











3077 


Es Meee Clark,Hollingshead, McRoberts 
Slusarchuk ,Morgenstern, Cooper 
Hardy, Williams 
Cross-Exam by Scott 


to begin with. Maximum probable flood assumes the 
worst possible storm conditions in a watershed, and 
on that basis a computation of the resulting flood 
would take place. The standard project flood assumes 
a storm that is somewhat less,by I believe it's 40 to 
60% less, or 40 to 60% of the maximum probable storm, 
and the computation is based on that. 

Q Yes, but what's the 
return period of the standard project flood? - 

A There is no return period 
associated with it. In some instances they have, that 
I know of, where they have compared predictions it was 
very close to one in 100 year flood. In most instances 
fowill jadmit it's: higher. 

Q In most instances it's 
higher and I take it that in my terms that means more 


pensenvative! 


A That 'S)cOrrect, Yes. 
Q And indeed, it is the 
,flood | 
standard project, as I understand it, is the recommen-| 


2] 


ded design flood for sort of intermediate sized dams‘ 


Vrou a a were. 
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A Yes, whee there is a 
possibility of risk to human life. 

Q Yes. Well now, do I 
understand that the Trans-Alaska Pipeline river cross- 
ings are designed to withstand the standard project 
flood? 

A They are, although having 
been involved in that there are a coupe of points 
Pid ite to vdescribe. First of ail, the =<- 

Q Could: Tl interrupt you 
just for a moment? Is it generally speaking so that | 
on the T.A.P. project the standard project flood has 
been utilized? 

A Yes, it has. 

Q All right, and) 1, take te 
that you participated in the design of that project. | 

A Yes sir. 

Q Yes. Well now, and ee 
design is more conservative than the design in the | 


i 
| 


terms in which I used "conservative", than the design | 
that is contemplated for the Mackenzie Valley Prete cee 
A With respect to the fipone 
that are being used, the only -- 2 would not be ‘more 
conservative in regard to scour depth. 
Q Well = let's talk this 
way. It minimizes or reduces the risk of damage because 
it's a higher standard. 


A Yes, but the standard 


in all instances that I can think of does not come 
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into the prediction of scour depth. 

Q All right now, in any 
event that is the standard that is being used on the 
Trans-Alaska and we know the standard that is being 
used on the Mackenzie Valley proposal. Now you had some 
comments you wanted to make. 

A Well, 1 tell-vou.t 
think I've made the comment that I a tO, 2S that 
although the pipeline is being designed in many 
i instances for the standard project flood, where this 
value has a bearing is in matters like the height of 
bridge decks or the height of the pipeline where they've 
got an aerial crossing, because with flows like this 
your water surface is higher. When we make on that 
project computations of scour depth, in all instances 
I can think of we have found that the bank full 
condition or something slightly higher than that would 
be more critical for scour. So although many of the | 
structures are being designed on the basis of the ! 


standard project flood, the scour computations -- 


| 
| 
| 
| Q Well, let me see if I 
| understand. Why are you using one formula in Alaska 

: and another in the Mackenzie Valley? Is it government 
| interference or something? Why? 

t A This was at the point in 


| time when we came onto the project this was part of 
| 


the -- to my understanding -- of the environmental 





impact statement, that was agreed upon some number of 





a | years ago and it was the terms of reference under which 
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we worked. 

Q Ves, atO.cput Ltr another 
way, weren't you told by some governmental agency that 
on the T.A.P. line you would design to the standard 
project flood? 

A I believe essentially that 
Bhat..is, true. 

Q And that's what you were 
i £0.10? 
| A Yes. 

Q Well now in question 
37 in Northern Engineering's response to question 37 
in the Assessment Group's Report, you have determined 
a design flow for the Firth River on the basis [ob mere | 
relation between the channel width and the, flow in the 
} channel. Have I got that correct? Do you want to get 
the response? 
| MR. GENEST: Question 37. 
| MR. SCOTT: The response to 
H question 37. 

Q Are you aware of any data 
! that would justify applying such a formula to one of 

1 the channels in the braided gravel bed rivers unlain 
by permafrost? 

6 il MR. GENEST: What formula are 
you talking about? 

| MR. SCOTT: The formula refer- 


| 
{ 
\ 
\ 


red to in the response to question 37. 





MR. GENEST: With reference to. 
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Cross-Exam by Scott 


4 


th 


the Firth River crossing? 


2 MR. SCOTT "Yes. 
4 A I'd like to point out 
> | thatthe rivers we're talking about at the time these 


b flows would occur would certainly not be underlain by 


a permafrost at the shallow depth that it would affect 


8 | the river flow. 

dl Q Well, how do you know 
we that? | 

LL A On the basis of drill 
12 hole data that we have examined on braided rivers in 
E3 Alaska, and I believe some in Canada. 

14) Q Well, you haven't Heiited 
15 | the Firth, have you? | 
16 A No sir, we haven't. 
mH Q How do you know about 
18] the Firth? 
19 | A Well, in the particular 





| 
i 
| 
| 
| 
case of the Firth, I'd have to say we're extrapolating, 
| 


a data from Northern Alaska. 

22 Q So you're taking a bore | 
— hole that exists in Northern Alaska and assuming that | 
ah | if you did a bore hole in the Firth River you'd get 
4 the same result? 

26 | A For the purpose of 

4 preliminary design, yes. 

coed Q What is the return period 
\ i 

al of that flow at the Firth River? 

30] A Frthink P'd*better give 
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Hardy, Williams 

Cross-Exam by Scott 
an explanation to that. 

Q You can certainly give 
some to me. 

A The design procedure that 
we're using for a braided river does not consider the 
flow that the entire river would carry. We must keep 
in mind that we probably have, if we take a cross- 
section of that very wide braided river, we're probably 
dealing with maybe half a dozen or a dozen sub-channels. 

Now, as I mantioned in the 
direct evidence, the procedure involved selecting the | 
largest sub-channel within a significant reach both | 
upstream and downstream of the crossing, we would 
then assume some very severe conditions that 
sub-channel could meet with another sub-channel of 
the same dimensions at a rather abrupt and unfavorable 
angle, directly over the pipeline. This would result 
in a scour hole developing downstream of that conflu- | 
ence. O.K., the problem then is to obtain a discharge 
that this sub-channel is carrying, but notwhat the | 
river it's carrying. That discharge that we'd be 
designing a sub-channel on is probably 20 or 30% 
of what the river would be ap rs the same time. 

Q Well -- 

A So there's no real 
frequency. The Seva eee we're talking about here 
can occur quite frequently. | 


Q So aren't we talking 


therefore about a design flow on, for example, the Firth 
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Clark,Hollingshead,McRoberts 
Slusarchuk,Morgenstern,Cooper 
Hardy ,Williams 

Cross-Exam by Scott 


a braided river, in the area from two to ten years? 

A Yes, it might even 
occur, I think ten years would be high. We would get 
bank flow conditions probably more frequently than that. 

Q Now, how do you calculate 
the risk not merely to the integrity of the pipe but 
to the environment that is inherent in choosing a 
design flow criteria that is of that range? 

A Simply by stating that ) 
it's our belief that flows of much greater magnitude | 
would present a lesser scour hazard. What we're doing 
here is predicting -- or is taking the flow we believe 
to be the most severe with regard to scour, and that 
in this case is not the very extreme flow. 

MR. SCOTT: Mr. Commissioner, 
I'm moving onto some other topic. Do you want me 
EO begin? Lt's) about five to one. 

THE COMMISSIONER: No, I don’t. 
That's my answer to your quastion. 

MR. SCOTT: I'm meeting with 
various coun sel tonight, Mr. Commissioner, and we will 
bear in mind your suggestion of yesterday afternoon. 

THE COMMISSIONER: All right, 
we'll adjourn until nine o'clock tomorrow morning then. 


(PROCEEDINGS ADJOURNED TO APRIL 9, 1975) 
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(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 
MR. SCOTT:. Mr... Commissioner, 

I'd like to suggest to you, and I think I have the 
agreement of counsel on this, if you please, that we | 
Should sit tomorrow afternoon from 2 until 4:30 | 
in an effort to complete this panel. Counsel have 
agreed that we should also sit an additional period 
next week, and I think what we would like to dovyiGi£ 
I recall our discussions last night, accurately, is 
to assess the appropriate time for an extra sgtting 
early in the week. 


Some counsel are concerned that 





which 
the corridor phase is contemplated by the Inquiry 


Commission staff, should take place not following Phase, 
4 but earlier in the proceedings, that is following 
Phase 1, and there are things that counsel wish to say 
both for and against this proposition, and we therefore 
would like you to ask -- we would like to ask you to 
Sit on Tuesday next at two o'clock in order to deal 
with that single question, that is the staging of the 
corridor phase. I think I have the agreement of | 
counsel with respect to that procedure and that time 
and place pyct-ai ests eyou 

THE COMMISSIONER: All right. 


MRAUSCOTT:. (As taitresult tof 


the, I have two matters that relate to the Aklavik 





Community Hearing that should be dealt with, to make 


the record complete. The first is a letter has been 


bSOE 
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received from the Commissioner of the Northwest 
Territories dated April 8, 1975, and it reads: 
“Dear Justice Berger: 

It has been brought to my 
attention that during the latter part of this 
past week some questions have been raised con- 
cerning the attitude of my government, the 
Government of the Northwest Territories, to- 
wards the Mackenzie Valley Pipeline Inquiry. 

I have stated publicly both in the south and 
here in the north my support for the tneupeys 

As you know, it is my 
view that the Inquiry being held under your 
direction is of great significance to the 
future of the Northwest Territories. For this 
reason the Government of the Northwest Terri- 
tories is anxious to extend support wherever 
possible to you and your staff, in the work 
of the Inquiry Commission and in its hearings. 

It is extremely regrettable, 
therefore, that during the last fewvweks there 
have been a misunderstanding develop with regard 
to our position toward the Inquiry, and parti- 
cularly with regard to the extent to which our 
employees would be encouraged to participate 
in its hearings. The intent of any correspondence 
to our staff and the subje_ct of their parti- 
Cipation in the hearings was to ensure that 


they would be aware that any views they expressed 





except where they touch directly upon their 
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responsibilities with the Territorial Govern- 
ment, Should not be interpreted as the views 
of the Territorial Government. This folbwed 
requests from our staff for our direction in 

this regard. Unfortunately, this intent was 

not clearly communicated in our correspondence, 
and a certain amount of misunderstanding resul- 
ted. It became necessary for us to send one 


of our senior officers to Aklavik to speak with 


our employees and provide them with our assurance 
that the Territorial Governmen t fully supported 
their rights as individuals to testify before 
the Inquiry held within that community. I under- | 
Stand that this was satisfactory in claratying 
our position as far as the Aklavik hearings 
were concerned. 

In order to ensure that 
there can be no further misunderstanding of our 


position with regard to the Territorial Govern- 


ment employees testifying before the Inquiry, 


| 

| 

| 
I have asked that our telexes of Maxh 27th 
and April 2nd which dealt with this subject | 
and which gave rise to the misunderstanding | 
that took place be withdrawn. 

Our employees are now being 

advised to this effect. Having said this I would 


sincerely suggest that our staffs meet as soon 


as convenient for the purpose of working out 





an acceptable arrangement with reference to 


facilitating the appearance of public servants 
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before your Inquiry: 

Equally unfortunate, in 
my view, was the statement from us that any 
misunderstanding took place as a result of the 
failure of your staff to keep you completely 
informed. Although the events at the time 
and the problems of communication with Aklavik 
led us to draw this conclusion, subsequent 
discussion and a closer examination of the 
facts indicate that this was not the case. 

We regret any embarrassment that this may 

have caused either you or your staff. I trust 
this letter will be of assistance in clarifying 
the posttion of the Territtorrar Government 
towards the participation of our employees 

in Inquiry hearings. 

In addition, you have my 
assurance that we continue to attach a great 
deal of value to the responsibilities you've 
assumed and are anxious to co-operate with you 
in any way possible to ensure the success of 
the Inquiry. 

Yours sincerely, 

'S.M. HODGSON' 


Commissioner." 
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Mr. Commissioner, there is -- 
there was also received a letter from a resident, of 
Aklavik that in the ordinary course would have been 
read at the Aklavik Community Hearing. Through an over- 
Sight, it was not read, and so that the record will be 
complete, I would like to follow the practice adopted 
at the community hearing, and read it to you rsowthat 
the -necerd of the Aklavik community heering will be 
complete, and then file it as Exhibit C-9 HtiG=-9 wefers 
to the exhibit process that has been established for 
community hearing exhibits. 

I am unable to read the name 
of the author of the letter. Miss Hutchinson would be 
able to do that, but she is a nurse at the Aklavik 
Nursing Station and she writes to you dated April the 
4th: 

“Sir, tim looking .at the socio- 
logical impact of this proposed pipeline, one has 
to look at the impact of change. With change 
comes adjustment, not only of the caribou herds 
or hunters, but of the hunters' families them- 
selves. Adjustment is progress, but is progress 
a dependency? Change has come to this and other 
settlements in the delta, but not necessarily 
progression. Daily social pressures increase 
on the families and individuals as a result. 

The oil companies increase employment, but this 
increases pressure. Many families are splitting 
and drifting apart. Father no longer hunts on 


the land but goes out to oil jobs, leaving wives 
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and children to fend for weeks at a time. Who 
do they turn to? Excess money is earned, father 
returns -- what to do with this excess? Govern- 
ment supplies services and housing, so money is 
spent on liquor as there is time for parties, 

but little time to know and grow with the family. 
Sixty percent of total care is alcohol based at 
times. 

Then there is the f&ther who 
tries to maintain his family from the land, but 
animals are retreating so one travels further to 
trap and hunt. School is in the settlement, so 
mother stays behind. Father feels frustration 
as he can't be with his family. Trapping is 
becoming less and less, so frustration increases. 
This frustration is brought home, leads, to dis- 
agreement and wives feel tension to work to keep 
up with the bills. There again, children are 
LeGt tocfend oouPhirsvad.sod brings problems so what 
does the child see? Progression, no, only a 
feeling of aloneness, no place to turn. 


tf tthisikis’whathart wa's: liitike 


for parents who once would laugh and learn together 


and now drift apart due to circumstances beyond 
their control, what will the future hold for 
them, not knowing the ways? Our patient load 
increases, and drug dependency increases, some- 
thing which was totally alien a few years back. 
Where do we go from here? More drugs and more 


disease, diseases never seen before are becoming 
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prevalent such as high blood pressure. Instead of 
nRBAyES now V.D. and D.T.'s. I only see change as 
a passer-by, but in this settlement one can't 
help but feel the frustration in trying to counsel 
a helpless but inevitable situation. 

Sincerely -- " 


and the letter is signed. And it's signed Nurse Parker. 


I would tender that as Exhibit C-9. 


(LETTER FROM NURSE PARKER IN AKLAVIK MARKED 


AS BXHIBIT C=9) 


THE COMMISSIONER: Mr. Waddell, 
I think these are students who have come in, and you 
might just assist them to find any vacant chairs 
if they are™going*to stay for°any?lengthvof .time, they 
might as well be comfortable. 

MR. GENEST: Mr. Commissioner, 
before Mr. Scott commences, I had made a promise yester- 
day about some information with regard to the east of 
Fort Simpson route, and I find that we are still missing 
some dates, and I'm going to ask for your indulgence 
so that we can present a total package, rather than 
have it go in piecemeal, and if I can put that off for 
a few days, perhaps -- as I understand it, there will 
be cross-examination directed to those issues of route 
selection when the constructim panel comes back, and 
perhaps I'll have that for you and my friends before 
that panel comes back. 


THE COMMISSIONER: All right. 
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Clark, Hollingshead, McRoberts: — 
Slusarchuk, Morgenstern, Cooper, 
Hardy, Williams 

Cr steam py SCoce 


That seems to be agreeable to everyone. 
CROSS-EXAMINATION BY MR. SCOTT, CONTINUED: 

Q Dr. Cooper, I promised last 
night that I had no more questions for you. I'm sorry 
to say that I have one or two. 

i refer Co an answer that Dr, 
Clark gave at page 2364 of the transeript at line 17, 
actually beginning at line 9, Referring to crossing of 
the Bear River and the Mackenzie in particular, -- 2364, 
Question, 

"Now has Arctic Gas carried out 
tests to determine whether those river beds are 
free of permafrost so far as the levels of the 
river beds that we are concerned with go? 

"A Yes sir, we have conducted 
drilling in the beds at the Peel River, the 
Swimming Point crossing, the Point Seoaration 
crossing and the Great Bear Crossing. 

sf8) And those are free of perma- 
frost? 

"A. Yes, within the depths that 
we explored, which is below the depth to which 


the pipeline would be buried. 
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AC LWEST REPORTING Lond. 


BURNABY 2. Bc. Clark ,Hollingshead ,McRoberts 

















Slusarchuk ,Morgenstern ,Cooper 

Hardy ,Williams 

Croses-mxam Dy scott 

Hither: or you or Dr. 

Clark, I rather got the impression from that question 
and answer that it was being asserted that the river 
crossings had been drilled and had been drilled below 
the depth to which the pipeline would be buried, and 
that it was on that basis that it was concluded that 
there was no permafiost. Am I correct or am I mistaken 
about that? 


WITNESS HOLLINGSHEAD: Yes, 


I think I can speak to that. These holes -- test holes 


were drilled in those channels with the exception of 
Point Separation crossing, the test holes did extent 
to below the pipeline depth. Unfortunately, I think 
at Point Separation the holes terminate just above 
pipeline burial depth. But in each instance there 
certainly was proved that in fact there was no perma- 
frost beneath the channels. 

Q Well, if we can take 
them one by one. I take it that the Point Separation 
drilling does not go below the depth at which the 
pipeline will be buried, that's your answer with 
respect, £O that Crossing, 1s Lt? 

A fT toi so, as tie 
preliminary designs show it, yes. 

Q Now, dealing with the 
Fort Simpson amendment, I am advised that two of the 


crossings -- the Swimming Point crossing and the 


Fort Simpson crossing -- aren't drilled at all insofar 


as the alignment sheets indicate. 
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Clark,Hollingshead,McRoberts 

Slusarchuk ,Morgenstern,Cooper 

Hardy ,Williams 

Cross-Exam by Scott 

A The Swimming Point 
crossing has been drilled. 

Q Well, there are going 
to be two crossings at Swimming Point. Are you saying 
both of them have been drilled or only one of them 
has been ¢illed? 

A only the first proposed 
crossing was drilled; I don't think there are any 
test holes on the suggested twin or second crossing 
there, no. 

Q stake tthaththat 
drilling at Fort Simpson at Swimming Point shows, 
is in fact a drilling that is on the bank rather than 
in the bed of the channel. 

A There were some shallow 
holes put down through the bench which at times is 
under water, and therefore considered part of the 
channel. 

Q Well, hae you got 
handy the profile and plan view of the Mackenzie 
River crossing at Swimming Point? 

A I missed the first part 
of that question. 

Q Have you got before you 
Or can you get before you the profile and plan 
view - 

MR. GENEST: Is that the 
design drawings? 


MR. SCOTT?The Fort Simpson 
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Clark,Hollingshead,McRoberts | 


Slusarchuk,Morgenstern,Cooper | 
Hardy ,Williams 
Cross-Exam by Scott 
alignment sheets and design drawings. So much for 
the mesmerizing quality of my questions and answers. 
THE COMMISSIONER: What page 
is that? 
MR. SCOTT: It's page 1-A-0232-. 
1001. It's the second last in the book. 
MR. GENEST;: In the 
Fort Simpson route? | 


MR een COMM messi. 


Q Well now, Dr. Hollings- | 
head, could you look at the profile in the top Tereenann 
corner, 2 think 1t"s ‘on the centre “ine "profrie.” Do 

you see that? 

A Yes sir. 

Q Now would I be right in 
assuming first of all that that profile shows one of 
these deep holes we were talking about in another 
context? | 

A It shows the presence of 
a scour hole, yes. 

Q Is that’ one of ‘the | 
unidentified deep holes that Dr. Cooper and I were 
discussing yesterday? 

A No; £ would not say it 
was an unidentif‘ied hole. 

Q Well now, I take it that 
there are two drill holes that are shown on that 
profile. | 


A Yes sir. 
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Clark,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 

CrossExam by Scott 


Q One of them, the one on 
the left, is not below the pipeline. Is that correct? 

A Yes; in fact it, is .below 
the pipeline. 

Q It's not below the 
deepest point of the pipe. 

A It's not below the dee- 


pest point of the pipeline. 


Q And the one on the right, 


however, is, isn't it? 

A Yes sir. 

Q And I take it that the’ 
one on the right, however, is on. the right east bank? 
| A cota Ss 

Q And that there is no 
drilling in the hole or in the channel? 

A On “the contrary, 2f you 
look at the other two profiles, that is of the right 
bank and left bank respectively, you will see that 
in fact there are test holes indicated there which 
are con the flanks, if you like, of that hole, which 
indicate unfrozen material. 

Q Yes, but I ‘take it that 
there is nothing in the hole. 

A Well, there doesn't appear 


to be one at the bottom of the hole. 


| 
| 


} 


| 








Q In your judgment, is that) 


adequate drilling for the design of a crossing at 


that point? 
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Clark,Hollingshead ,McRoberts 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 
i Cross-Exam by Scott 
2 | A At this stage of the 
3y design process, sir, I would think it is quite 
4 adequate. 
2 | Q I take it inherent in 
at that answer is the assumption that more Grilling wilt 
7| have to be done. 
8 | A That’ es possibile, 
| Q Yes. I take it the 
10 drill holes that are shown on the centre line profile 
11 Show that they contain frozen material. 
12 | A Boat ceeri git, 
a Q Well, how is it possible 
14} to determine from those drill holes that there is no 
15 | permafrost below the level of the pipe? 
| A It is the additional 
1? test holes which I refer to which give us that 
indication. 
AWS 
20 || 
ZA 
ce 
Pa 
24 
25 | 
26. 
27 | 
28 
oo 
30 


















69 to opsde alae JA A 


atiup eh ff antds se 


ai Inevedmi 42 a%e7- 2 a . surges 
[iiw exif lish esom gaat colons edt #i tewans t8dz 


.snob ad of sved 


eidieebe = ‘Isnt A 
sf? +i seas i ,2ay a) b > nu 


gitiotc sat! gidaso 84) no Bieta sas Jans eefod Ifizb 
\piuszem c9sov? atetage yeas dei? wore 

tripra e'tedt? 4 

ealdiseod 3 ac Wor ,Ciew Qo 
on at sxed> Seo soled ifiwB stoke motY sadeassab oF 


Ssciq oft to Devel ono woled teorlsmisqd 


Tanolsibbs 649 2h 31 a 
‘ert Bo svip folew of Meter 7 dotdw nelod geet 
.noisgesibar 
oe 
- i) 
f ~ +4 of 
’ 7s 
‘ 7 a 
. -_ 


3097 
Clark, Hollingshead, McRoberts, 
Slusarchuk, Morgenstern, Cooper, 
Hardy, Williams 
Gi, Exam bY*cCOCL 


Q The additional holes you're 
talking about are shown first of all on the right 

bank profile, is that correct? 

A VieiSt gO lb. 

Q And on the left bank pro- 
file immediately above it? 

A Yes) sesirxe 

Q And I take it that neither 


of those drill holes go below the base of the pipe? 


A In fact one does'sirs 
Q T7MsSOELy. 
A In fact, several of them 


elo 

Ti think B&tite sohelpéudgp it 
might also be pointed out that the mean or average 
annual temperature of the water in the channel there 
is approximately 4 degrees Centigrade, plus or minus, 
or Celsius, and that combined with the test hole inform- 
ation that you have before you would certainly indicate 
I think, to most people, that the chance of finding 
frozen ground beneath the deepest portion of that 
channel is highly unlikely. 

QO Well perhaps I haven't made 
myself clear. I understood from the answer that was 
read, that a drill hole in the channel at this point, 
or adjacent to it, had revealed that there was no perma- 
frost in the bed of the river. Now, just so I'll 
understand, will you point out to me the drill hole that 
you rely on to establish that point? 


A I would suggest that the 
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hole shown at station 35 plus 30 possibly would estab- 


lish that. 

Q Are you referring to the 
right bank profile? 

A Yes), (sir. 

Q Isn't the trouble with that 


drill hole, first of all that it's pretty close to the 
bank and in the second place, it's not below the depth 
of the pipe? 

A It is indeed below the 
depth of the pipe -- 

Q LT oMesorry, lo omuct. be mis= 
reading. It's below the depth of the pipe at the place 
where the drill occurs, but it's not below the depth of 
the pipe in bed of the river, is it? 

A Thada1S correct. However, 
the indication from those test holes on the miaht bank, 
plus our knowledge of the temperature of the water and 
the flow of the water in the channel, would certainly 
would lead one to conclude that there is no, indeed no 
permafrost beneath the deeper portion of the channel. 

Q I understand well that 
there may be other considerations such as water temper- 
ature that leads you to your conclusion, but I'm trying 
to pursue the question of whether there is any .ar¢iil 
hole that shows that below the @epest point of this 
pipe in this channel, there is no permafrost. Now, do 
I understand that the answer to that is yes .0r no?» I tm 
not clear. 


A As far as I'm aware, I don't 
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think there has been a hole put down through the deepest 
point in the hole. 
Q And what we're talking about 


is the deepest point in the river channel or basin at 


which the pipe will be laid? 


A Of the hole -- 
QO Yes, 
3 A =i wiach the pipe 1s 
S Laid, 
ae Q And therefore, at this 


1 crossing at least, there is no drill hole which shows 
im us the condition of the soil below that point? 

OS. A We have some indication 
from other data, not necessarily from the test holes 


shown here -- 


16 Q Could we deal just with 

Ly | drill holes, for the moment? I understand that you 

i8 may have other evidence -- 

BS A Well -- 

2 Q == Duties me crying to.deaL 
214 with the evidence that was led by your counsel, Mr. 
Genest, that there were drill holes that established 
234 Chis point, and I —-— do I understand now that there is 
<4 || not a drill hole that is drilled below the requisite 
“5| level at that point? 

2d | A At the bottom of the hole, 
as | probably not. 

sce Q All right. Well, would it 
ty be fair to say then, that your conclusion that there 


is no permafrost below the lowest point of the pipe at 
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that crossing is not founded Sonridrill hole; data, but is 


founded on other considerations? 


A NO tisdon'’ ththink.that's a 
fair statement. 

Q Are there any other drill 
holes that you refer to? 

A I have a feeling there may 


well be, but I can't put my finger on exactly where they | 


appear. I think perhaps Dr. Clark wants to add a word. 
Q Mes. 
THE COMMISSIONER: Well excuse 
me, Dr. Clark, wouldn't they be on this drawing? 
WITNESS HOLLINGSHEAD: Not 
necessarily, sir. Some of this has been done recently. 
WITNESS CLARK: There was 
drilling carried out at that site last year, I believe 


in'-- during the winter off the ice. It was the type 





of drilling done, however, with a rig that didn't recover 


samples. It was specifically directed to check for 
permafrost, and one determines that by drilling resist- 
ance. It was a flush type rig, so we don't have the 
same type of soil description as we get from the type 
off rai that recovers samples. 

There were quite a number of 
holes put down at this crossing, as I recall, and there 
are no logs, but they did confirm our original impress- 
ion that there was no permafrost there. 

I can undertake, Mr.Scott, to 
provide the location of those test holes. They were 


recorded, but I can't recall them from memory. 
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Cr. exam Dy. Scott , | 


MR. SCOTT: 

Q Yes, my only concern is | 
that if there are other drill holes on which you rely | 
for this point, I would be grateful if you could identify 
them in due course, obviously not today. 

A Yes, I would like to empha- | 
size though, there is no soil log as such because it was 
not possible to identify specifically the soil type. 
It was possible to determine whether or not the soil 
was frozen. 

Q Thank you. 

Now Dr. Cooper, if the holes 
that were shown on that drawing were one of the holes 
in the delta of unknown origin, aboutwhich we were 
talking yesterday, I asked you to assume that for the 
moment; if it were, first of all, it would be a hole 
that would be of a depth that would be consistent with 


those other holes that we were discussing in the 


channels. 
WITNESS. COOPER: I'm sorry, I 
don't understand that question. 

Q You and I were talking 
yesterday about holes of unknown origin that have 
appeared in the delta channel? 

A Yes, 

Q TeEake Teethat this Hole 
or the dip in the channel that is shown on the diagram 
before you, is consistent with the shape of one of 
those holes that you've seen from time to time in the 


delta? 



































ytignebi Blues voy tt LiMese1y od blwow T Ambog ain 102 


et. meonos Ylno vir ilar BO 
vies wor oldw ao aslo tise — vie waadd at 


.ysbot tom ylawolvde ,seuuno eub at ere 
signs of ott Dinew Et ,eer A 7 _ 
osw 3: saveoed sous ae pol Lice on et exedd ,Mpuods esie 

-soyt Ttee, oti2 vi tsodtéosae ytisnebi, of eldiezog seal 
Choe att don to tetitetw saimeteb o3 efidiescd sw 4r 
-fiesoil esw 
Juoy arte Q 
aslo eff 2% .xwsqocd .1d wor | 
cxfod oft ko soo stew patiwaah daddy no awode exew sans | t 
es vaw ow doitwavods \sipite woman Jo stlebyods uit leg 
edt tot JcAt anwees of voy bedes T ,yabueteey paiaiss | 
slod 6 od hivow 7i ,ils te: Fatht \srew 32 32 taremom 
dtiw Jdedelenoco sd bivew dete atqeb « 2c ed Bitow dort 
eft ni prieeuvseth sxsw ew tect asiod rerio peodt | 
I \vaxed m'I  sARSOOD 2eanTrMT : 
.cotseowp tadt Bastetebas dab - 
onitiss srow I frie vox 9 S 
over ted+ niviao dwootaw to eslon Juods yabusseey 
§Igqurario siieb sdt at bers9ags. | \* 
RON 2 A yy Arey 
efeon eidt ged +4 sded TO Tey = a 
meryeid si3 no awode eb. <i een: ait nk 9 er 2 
to. sno Zo oqetia ods pee ieee mS si = 
edd ni Smid ot smkd mov® a 
ns * 


ae 15 


4UL. WE 
BL 





Wo 














3102 

Clark, Hollingshead, McRoberts, 

WW Ae y i er Slusarchuk, Morgenstern, Coope » | 
Hardy, Williams 

Cro -“ExXani sw uy OCOEL | 


A Wel? the location and depth | 
of this hole of course is consistent with open channel 


hydraulics. 


Q Yes, -but it's consistent 
aksojeis iNomota iweth being one of the holes that we | 


were discussing yesterday? 
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z 
2 A No, there 
3 is really not that much, nothing unusual about it. 
4 Q Well, let me just 
S review. You posited yesterday a theory that holes of 
° unknown origin in the delta channel might be caused by 
7] the melting of ground ice. 
> A That would be one 
4 hypothesis, yes. 
10 Q And if that hypothesis 
11 were correct, it would illustrate that there was 
- permafrost perhaps in the course of melting, but that 
13 there was permafrost below the bed of the river. 
14 A That in the course of 
Ts melting sometime in the past, in the distance past, 
| there was, yes. 
od Q Well, you couldn't judge 
ah whether it all melted, could you? Without an exten- 
m4 Sive drill. 
“3 A The best knowledge we 
= have on it now, based on drilling not only in this 
a location, indicates that under channels such as this 
= if there is permafrost, it's at) quite a deep depth. 
oe Q Now, Dr. Cooper, if 
aan you'd look at the centre line profile that is called 
“ih "Downstream crossing", do you see that? 
a A Yes sir. 
a Q Yes. Now I understood 
ie you to say yesterday in dealing with upended ice cakes 
ota that they wouldn't create a very great problem because 
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1 | 
| 
| 
| 
s| the dimension of the channels usually meant that the 
| 
3 deepest point was in the centre. 
4 A That the deepest point 
S is some distance from the bank. 
6 | Q Yes, and that was your 
Vy rationalization for the proposition that ice cakes 
oF would not do any substantial damage. | 
{ 
| 
4 A NOU entirely, no. “the 
13 -- a part of that rationalization is that the depth 
Bt itself would prevent gouging of the bed. 
12 Q I take it that this 
|| diagram shows that the deepest point of the channel 
ie is in fact adjacent to the bank. | 
15 A Yes, it is several 
|| hundred feet. ‘ | 
17 Q Yes, and the detail on 
| 
a the following page shows a similar configuration with 
sa a depth, not in the centre of the channel but adjacent 
iid to the bank. ! 
| 
21 A Yes, some several hundred 
| 
oa feet. | 
23 seas | 
Q Well; isn‘t that a case | 
9D. 
= in which your rationalization in support of your | 
! 
a ; 
" conclusions about the effect of up-ended ice cakes | 
26 | | 
. runs into some kind of difficulty? : 
a A No, I don't really think | 
2 
: so. We would expect that we would have, if you like, 





some gouging attack on that slope. 





29 
30 : 
“7 Q Which slope are yau 
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talking about? 

A What sheet is this 
here, the Mackenzie, the Fort Simpson? 

Q Yes 

A O.K., we would have 
to possibly expect some gouging attack on the slope, 
let's say on the right bank. However, the -- you have 
to realize the vertical exaggeration on this drawing 
and look at the vertical cover on the pipe, and we're 
talking in terms of eight feet of possible gouging. 
What is the vertical cover in there? 

Q {It says ten feet, I 
think, if Tiread it correctly. 

A Jes sits» about, 30. feet, 
I believe, on that slope. Now, at the deépest point 
on the river, at the deepest point on the river we have 
to realize that these ice flows are floating. They 
Maybe up-ended but essentially they will be floating 
in some 40 or 50 feet of water at that Lame, so, there 
is essentially no possibility of gouging occurring at 
that deepest point. Yes, you could get gouging attack 
on. the slope, though. 

Q Well, would you look at 


the last drawing in the book, which is the next page? 


A That's the one we've bot., 


Q Well then we're looking 
at the same one? 


A Yes. 
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Q Well, isn't there a 
minimum cover there of ten feet? 

A That's at the deepest 
Ont ed bigyerae lt*s in that order, yes. 

WITNESS HOLLINGSHEAD: The 
design as it's shown indicates a depth of burial of 
something in the order of 30 to 40 feet, and it would 
now be tess than 10. 1 think that” there are other 


factors which come in here as well. When I gave the 


t 
} 
j 


| 
| 
| 


figure yesterday of an estimate of the maximum pore spl 


depth of gouging by direct contact of ice flows on 


the bed, we were assuming the worst possible condition$ 


that is a soft sandy material, and a maximum possible 
size of ice flow. In fact, the banks of the Mackenzie 
at this location are rather armoured with boulders, 
EEC, 

Q Well, we can read the 
diagram, but I don't understand why you say that the 
cover is 30 to 40 feet when I see the figure "10" down 
here. Now it maybe that I don't understand what that 
refers to. 
. A Because it's shown as 
30 to 40 feet. 

Q Well, I may not under- 
stand, what are the meaning of the words: 

"Minimum vertical cover, 10 feet," 
which I see on that drawing? 

WITNESS COOPER: 


A Well, the minimum 


vertical cover would be from the deepest point in the 


| 
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Cross=-Exam by Scott 


channel as shown on that drawing; but in respect to 
scouring by ice flows, we have to realize that that 
could occur only at the -- or that the size of flow 
that could scour the bed or could gouge the bed, if 
you like, is such that it would not -- it's small 
enough so that the flow size when it was up-ended, it 
wouldn't even touch the bed here, it would be 
floating. 
Q Well, let me ask you 

this just so I'll be sure I understand. The words, 

“Minimum vertical cover, 10 feet," 
appear and then there are arrows that show the point 
at which that minimum cover exists, I presume. 


WITNESS HOLLINGSHEAD: Maybe 


Bis would help, Mr. Scott, if I Suggested that probably 


those words need not exist at all there. 
Q I'm sorry, go ahead. 
A They are really not 
necessary. 
Q Well, they may not be 


necessary, but I read them to indicate the minimum 


cover that will be placed over the pipe on that drawing 


which is a representation of what you intend to do at 


that crossing. Am I mistaken? 


| 
| 
| 
| 


| 
i 
\ 


A Yessir, 

Q Well, is the mistake mine 
Or disse it.vourse 

A It's probably my error 


in leaving those words on there. It is an additional 
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Cross-Exam by Scott 
qualification or restriction, if you ushi thati is 
Simply unnecessary in this instance. 

Q Well, ido-I understand 
that it should therefore read: 

"Minimum vertical Cover, 30) feet. !2 

A I don't recall exactly 
What the minimum depth of cover there is, over that 
POLE. On; of. .the pipeline. 

Q Well, I'm unable to 
proceed with this line in that state of the drawing. 
I'll just leave it and come to something else. 

THE COMMISSIONER: Before you 
do that, Dr. Hollingshead, we're looking at a diagram 
of the crossing just south-east of Fort Simpson, are 
we? 

A It's about five miles 
upstream of Fort Simpson on the Mackenzie, sir. 

Q Yes. Well now, the pipe- 
line is buried beneath the river bed and the drawings 
Show us the configuration of the river bed and beneath 
the river bed itself we see the pipe. Now what is 
the distance between the bottommost point of the 
river bed and the pipe? 

A It's approximately ten 
feet, sir, at the lowest point in the channel there. 
The distance between the lowest point in the channel 
and the top of the encased pipe is about ten feet. 
The depth of burial of the Pipe, the elevation of the 


pipe, has been established on the basis of the scour 
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Hardy ,Williams 
dk Cross-Exam by Scott | 
2] calculations or predictions that were made, and that 
3| has established that level of the pipe, and it happen+ 
4 ed that that falls about ten feet below the lowest | 
> point in the existing bed, as it now LS, sthat. portion | 
a of the channel. As it -- the unfortunate thing about | 
7| these drawings is that they are very much an exaggera- | 
8 ted vertical scale so that in addition to those scour | 
3 computations the additional recommendations that eee 
10 were that there should be, let us say, a minimum of ten-foot 
4 vertical cover and a minimum of 40-foot lateral cover 
12 as the pipe comes up the bank from that point. These 
13 have been carried over to the design drawings, but the 
14 actual profile, if you slike ,.and sthe..actual Pee Real 
<a tions of where any specific point on the pipe 
he should be with respect to the channel cross-section ) 
you know, shown in true scale, would indicate to you 
ae that in fact over that portion of the cross-section 
“ where we referred to a minimum vertical cover of ten 
| 
oh feet as a minimum that should Certammily be applied,. in 
as fact the burial depth is of the order of 30 feet, sir. 
22 
23 
24 
25 
2 6 
Pa 
28 
29 
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But this would only show up most | 


clearly on a true scale, a true scale cross-section. 


WITNESS. COOPER: I think that 


possibly some confusion exists, because I think weare 





trying to describe the amount of cover that would be 
at the -- over the region where you could get ice 
gouging, sir. 


O Yes, I under- 





stand that, and your point as I take it, is that the 
gouging is more likely to occur in the proximity of the 
banks of the river, rather than in the centre of the 
main channel? | 


| 


} 
| 
| 


A That is cerrects 

Q Alderaght; Isunderstand | 
that, but assuming that the lowest point, in terms of | 
elevation of the river bed is somewhere in the middle 
of the channel, and it appears to be, at least looking 
at the centre line profile of the upstream crossing, 


you have only ten feet of cover there? 


| 
| 
| 
A You are looking at the 
drawing on the right, sir? 

Q Yes. 

A At the centre, I think it's | 
closer to 20 feet cover by that scale. 

MR, SGOTT: 

Q Dr. Cooper, are you 
referring to the downstream crossing? 


A I'm not sure what crossing 


we're on any more. 
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WITNESS HOLLINGSHEAD: Well, I 


was looking at the downstream crossing. 





THE COMMISSIONER: Leni nk hias 
is not as complicated as it sometimes appears to be. 
Your argument is, your conclusions are, your professional 
opinion is that the danger of scour is greater in the 
proximity of the banks of the river crossing? 

WITNESS COOPER: Now, we are 
talking about ice gouging. 


Q Ice’ Gouging. 


A Okay. The danger of gougin 
is greatest in the proximity of the banks. When we get 
into depth like we are talking about and even in the 
deepest portion of the channel as it now exists, we're 
talking about depths of in the order of 40 feet, which 
the depth of flow there is greater than the‘size of the 
ice cake that could gouge, and this ice cakeis Gheneahe ul 
sovit©can't possibly cut the bottom. 

Q Yes, really I follow these 
things. It was just the mathemtics over the last five 
or ten minutes that threw me off course.. 

A It threw me off a little 
bit: too. ; 

MR. SCOTT: Well Im not going 
to pretend that I understand it. 

O Well now Dr. Cooper, if 
you look at sheet 1003, which is two before that, Point 

Separation the centre line profile upstream crossing, 


do you see that in the bottom left hand corner? 
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Cr. Exam. by Scott 


A Yes. 
Q Well don't you have the 
same problem there? 


That's in the bottom corner? 


A 
Q Yes. 
A Bottom left? 
Q The deepest part is near 
the shore, right? | 
Q And in this case, we have 


A That's correct. | 


sandy soil in the bed of the river, don't we? 


A That's correct. | 

Q Which is the optimum kind | 
in terms of gouging? 

A That's correct. | 

Q Well now, don't you have | 


the same problem there that there may not be adequate 

| 
cover to prevent gouging? | 
| 
A Well, in the area ase | 


gouging can occur, and that is on the slope and fairly 


| 
| 
| 
high up on that slope on the right side, we've got | 
much more than I believe 14 feet of cover. 

Q Yes, | 


A Or-15"feetCO£E Cover* that's | 
Shown. If you measure vertically on that slope. 
Q WelltjustisopiIsaisber clear, 


if it's possible, do I understand that when you say 


there is a minimum coverage of a certain amount on 





the drawing, that you in fact contemplate that there 


will be more than the minimum? Is that what you're 
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telling us? 

A In terms of the preliminary 
design what is shown here, we say 15 feet of cover at 
the bottom, but if you -- when we apply the design on 
the slope and have it 40 feet laterally into the bank 
on that slope that's coming up, in fact on the slope 
we would have something in the order of 20 or 25 feet 
of cover. Not right at the bottom, but then gouging 
can't occur right at the bottom. It's too deep. | 


Q Well let me turn to some- 





thing else that relates to the Swimming Point crossing.) 
I gather from readiry the transcript, I don't have a 
note ofCit in front of me at the moment, that you 
will be -- or the company will be excavating a trench 
across the river to install the pipe and that the 
trench will bein the order of 30 feet? I'm sorry, I'm | 
talking about i== I'm»sorry, it's Point Separation 
I'm talking about, not Swimming Point. Have you got 
Point Sq@aration in your mind? 

A Yes. 

Q I understand that thereis 
going to be a trench dug across the river that will 


be to a depth of 30 feet -~ 


A And in some places 
greater. 

QO And in some places ae. 

A Based on the preliminary 
design. 

Q YesnwaAnd I takefdcét that | 


the trench will be dredged in relatively fine sand? 
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1 A I think Dr. Hollingshead 
2 can answer this better, it's getting into construction. 
3 Q Very well, yes. | 
4 WITNESS HOLLINGSHEAD: | 
5 A Yes, I think the data eheLou 
6 | shows it'ssand bed. 

7) Q Yes.: And I take it ‘that 
8 in order to dig a trench in that sand bed at that | 
9 location, you will need a side slope of one in six? | 
10 A I doubt it would be that | 
ll flat’. 
13 fe) Well what do you think is | 
13 required? | 
14 A Probably something in the | 
15 enderrok?4 to 1, three to one. | 
16 | Q Yes. Dr. Morgenstern, : 
17 would you be satisfied with that underwater? | 
18 WITNESS MORGENSTERN: Yes. 
19 THE COMMISSIONER: Just before 
20 we go any further, tell me what that means? 
2 MRo SCOTT: 

Ze Q Would you explain, Dr. 

23 Hollingshead, what one in four -- | | 
24 WITNESS HOLLINGSHEAD: | 
a5 A Four horizontally to one 

264 vertically ! 

27 THE COMMISSIONER: So the trench 
28 at Point Separation would begin at the Ixttom of the 

29 river bed and would extend downwards 30 feet into 





30 the river bed. What would be its width, taking into 
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I account the slope on each side, on the four to one 

Z| ratio? | 
| A Well it's likely going to | 
4 be probably 20 feet wide at the base and the better | 
5 part of 300 feet, I suppose wide, at the top. | 
6 Between 250 to 300 feet. | 
7 MR. SCOLrT + | 
8 Q Well would your -- I'm | 
9 Sorry, Sir, anything? | 
10 What Dimitrying-to doiskcal- 

ll culate the volume of sand to be removed. | 
12 | There are two crossings there, 
13 Would the volume be two, being for two crossings, | 
14 times 2,000 being the length twice, times 900, being | 
15 the area? | 
16 A We had -- we actually had | 
17 calculated, based on these preliminary designs, ! 
18 excavated volumes. I'm just trying to recall what | 
19 those figures were. It seems to me it was in the 
20 order of a third of a million cubic yards. | 
2. THE COMMISSIONER: And that 

22 would be -- 

23 : MR. SCOTT is Asthird tofnaa ‘million 
24 or three million? | 
25 A No, it seems to me it was 
26" certainly less than a million cubic yards. Oh, for 

27 the two crossings -- 
28 Q Yés., 

29 A -- if the two crossings 

30 put in at the same time, it probably would be of the 
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order of a million cubic yards. 
THE COMMISSIONER: 





Q So two trenches at Point 
Separation for two pipes? 

A Yes sir. 

Q Brings you to a total setae 
of what? ! 

A The two combined,we are 


probably talking in terms of a million cubic yards. 

MR. SCOTT | 

Q Well how do I get three 
million? You take two first of all, and then you take 
2,000 and multiply it, being the length of -- or the | 
width of the river twice -- 

A Limejust trying to 7recall 
what our actual figures were. We took a number of 
cross-sections through each of those. 

WITNESS MORGENSTERN: Mr. Scott, | 
could you inquire whether our units were in cubic 
feet? Dr. Hollingshead is quoting cubic yards. 


MR. SCOTT: 





Q We're quoting cubic yards 
too, Dr. Morgenstern. 

WITNESS COOPER: 

Weradidsthisc calculation for 
each crossing, and it seems to me in the first one 
before the second crossing was drawn up, that the 
first one was something in the order of a half a 
million cubic yards of material. 


Now, the second one, the way it 


is shown here in this very preliminary sketch is 





undoubtedly greater than that, so that the combined 
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total of the two is probably certainly in 2xcess 
of a million cubic yards. 


Q Well, because there is a 


difference between us, can we work out what the formula 


is and then we can get some independent assessor to do. 


the mathematics? 
Dr. Clark, you look ready to -- 
DR. CLARK: 
A I haven't got my reliable 
Slide rule here. Someone has said, Dr. Cooper has 


said 30 feet deep, that's ten yards. Approximately 


300 yards wide. 300 feet wide, that's a hundred yards. 
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: 
2 | Q Stopping right there, ! 
3| is it not wider than 300 feet? 
4 A The width at ! 
5 the top, I'm looking a t the excavated trench. | 
6 Q Yes. 
7 | A Well, even if you assume 
8) that was square and not like this, this gives you a 
9 dimension 10 yards deep, 100 yards wide; if the width | 
10 of the river is then 700 yards or 2,000 feet, for a | 
it complete square would only be 700,000 yards. That's 
12 | 10, x 100 x 700. | 
i3 WITNESS HOLLINGSHEAD: I'm sorry, 
14 I think we're under-estimating some of the dimensions | 
15 there a little bit. 
‘16 | THE COMMISSIONER:‘I wonder if | 
17 | this is a mathematics class that came in here? : 
18 A I've done just a quick | 
19 calculation on excavating a rectangular shape 10 yards 
20 deep, 100 yards wide, that's 1,000 square yards in 
21 area, by 700 yards in length. 
22 MR. SCOTT: Well, the problem, 
23 I think, has to do with the length.. 
24 A I took the length as 
25 | 2,100 feet, or 700 yards. 
264 WITNESS HOLLINGSHEAD: Closer 
at to 4,000 feet. 
| MR. GENEST: Why don't we 
29 deprive these gentlemen of their coffee, sir, and have 
30 them work it out oer the coffee break? 
| | 
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| 
2 MR. SCOTT: Well, m_ay I leave | 
3 that, may I leave the mathematics? There's obviously | 
4 a dispute that I for one have no intention of resolving. 
5 | and simply ask you to state your formula for calculating 
6 | the amount of fill removed for the purposes of the 
7| record, at the two trenches, how you would calculate 
8 the volume. | 
9 A The 
10 volume is calculated by taking a number of cross- 
ii sections of the -- 
a2 Q Could we just deal with 
13 this cross-section? Or with this crossing. | 
14 | A ¥%s, if you will let me finish. 
15 Q iM SOrry. | 
16 A A number of .the cross- | 
Li? sections along the pipeline trench, taking into | 
18 account the bed topography that we had, and the pipe 
19 parallel elevations and the suggested side slopes of 
20 3 to 1 or 4 to 1, a series of cross-sectional areas 
al were computed from one bank over to the other, and 
22 these areas multiplied by the length and then divided 
23 by 27 to give you the volume in cubic yards. 
24 Q Didar. Lark. what. 1s 
25) your best estimate at the moment of the two? 
26. WITNESS CLARK: About porters 
a? of a million yards per crossing. If you draw a erence 
28 gle and then put in that rectangle the shape of the 
29 trench, .you_can eee eines it by saying that the 
30 trench is about half of the rectangle. 
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1 

e Q So that -- | 

3 A The 700,000 yards that 

4 I get by that, by taking the whole rectangle over half 

3 of the width, is not too far off. 

6 | Q And double that would | 

7 be, let us Say, one million four, one million five. 

8 A For the both. 

J Q Yes. Well now, when eee | 
10 trench is dug, what's going to be done with Chaeieflil1? 
11 A Les, do you want to talk 
12 on construction? 
= WITNESS WILLIAMS: The | 
14 excavated material inthe river channel would be deposited 
15 downstream of the crossing. If some was required for | 
a6 construction of pads, construction areas on the bank | 
L7 to fabricate the pipe to pull it into the crossing, 

18 some of that excavated material could or would be used 
19 for, that purpose. 

20 Q well’) Caneyou Give: meman 
ed example of a unit that would occupy one million 

ee five hundred cubic yards, what sort of dimensions are 
3 we: talking of? 

“a A This material is not all 
- going to stay in place downstream of the crossing. 

saan Some of it is going to move farther down. 

al Q Well, we'll deal with | 
a what happens with it, if we may, in a moment. I'd 

e like to get some sense of what are we talking about? 
a Are we talking about a large quarry, or a small dam, 
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| 
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| 


or in terms of volume, what is one million 500 cubic 


yards? 
WITNESS HOLLINGSHEAD: Probably 


the easiest way to visualize it is these diagrams that 


we “have Fil *front*of*us* We've just calculated or 
Shown roughly the dimensions of the excavation and it 
Seems to me that those dimensions are the ones that 
you™re~looking for, are they not? 


QO Well, those are the 





dimensions. I'm trying to™make, if “I can! for my 
own limited mathematical capacity, an analogy to some 
kind of ditch or hole to which I'd be familiar. Is 


a small dam an appropriate analogy? | 


A Small is a pretty | 
relative word, sir. : | 
Q Well, be more specific, | 
PiAyou “can. | 
A A small dam. | 


Q And I take it that the 
excavation that’-- Mr. Williams, did you have an 
example that you were going to give me to make it 


clear? 





WITNESS WILLIAMS: I was just 
going to suggest rather than a dam, a submerged weir. 

Q You're beyond my 
experience. 

WITNESS HOLLINGSHEAD: 

A Well, I hope that you 


weren't suggesting that or taking my response to indi- 





cate this material that was being deposited downstream 
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1 Cross-Exam by Scott 

2 | was going to extend up above water level and create a 
3 dam on the Mackenzie. That wasn't what I was thinking. 
4 Q You're way ahead of me 

5 in your responses to questions I haven't asked, Dr. 

6 | Hollingshead. First of all, I take it it would be 

7 two or three times the volume size of this hotel. 

8 MR. GENEST: Have you measured 
9 this hotel, sir? 

10 A I don't know. 

me MR. SCOTT: 2A) 1) night. 

12 Q And I take it that that 
13 fill is going to be placed in the channel on the 

14 downstream side. Is that correct? 

15 A Yes sir. 

16 Q Well now has: anybody on 
17 the panel given any consideration to the effects of 

18 doing that with respect to this river, and its life? 
19 A I was going to say we 
29 have given some thought to this, and that isn't the 
21 only scheme, the only alternative. 

Ze Q Well, that's the alter- 
23 native that you set out in your application, isn't it? | 








a In your application, the construction plan book at 

25 | page 49 you say -- and I'm -- procedure "A", dealing 
26, with -- which is the procedure stipulated for the 

27 Mackenzie River crossing at Point Separation, you say: 
a "Spoil will be cast beside the trench on the 

29 downstream side." 


30 Now is that what you're going to do, or is it not? 




























~ 
: ap” 
\, ‘s-siss% bas Level Suanciavncah bnagxe 03 paiop ssw i 
onbanigdd esw 1 gedw-d'aesw Jed? .olstodoeM oft moms 4 
gt “ho bseds yew et'noY ve 7 a 


ad bivow ti ot enale I ,fIis to ieek ‘wantnanlaton 
.ledod eit io este ommlov eft eomit eeals 19:0ws 


boxrvesem voy SsveH :TREWED 2AM ; ie al n 
| She sfeson wkd 
| «word +' nob I A . | 
| .idpis IEA :PT002 IM abil | | 
jsAs teds ti oes I Ba 9 Md ie } 


sit no leansis ott at beosiq ed ot patop. at, [fit : 
Stosmtoo gedy el ,ebia mous emwob 

tie edgy & 

no ybodyas esd won Ifew Q 
Ao sios¥te od+ of noiterebtemon yas nmevip Iensq ort 
cotit eti bas ,xevit eiadt of toegeex Atiw Jseit paiob ; pst 
aw yse ot pnifop eéw I A ~ 
ect aimed tsd¢ bes , cits of tipwod? smoe sevip svsd |e 
-ovisemseaia yine end ,smedoe yLad ' 7 . 


|} -~axetis ais e'tedd ,iflow 9 ; dose 
) a4 





(Sai d'nei ,apiveotiags woy at dvo jor moy dedt ovlde: 
t6 Aood asiq moidouatanes eit wnekseoiiqqs wey al 
| eaitseb ."A" savbenetq =- mi’ I Bas = Yor POY eh opsq 
| ods 107 betaiuqite oupbsvexqg sft al dotdw ~ ‘ - te 
:ybe woy ,mokdsisagse dated ts. prieacis revifi_ isn iad ae _ 
of3 ad donoxt oils shed tno fe 





ay 
St0a JL at 10 | 


ASGWEST REPORTING Leto, Byes! 
BURNABY 2, Bc. ' 




















oo 





30 


Clark ,Hollingshead,McRoberts 
Slusarchik,Morgenstern,Cooper | 
Hardy ,Williams 

Cross-Exam by Scott 


A That is one possibility, 

Mr. Scott, and I might point out that the exhibit, been 

words that you refer to, were written prior to the 

preparation of this dual design, and certainly what 

was in mind at that time was the downstream crossing 

and there we're looking at something in the order of | 

three-quarters of a million cubic yards, which probably | 

would have been for the most part placed on the channel | 

bed downstream. | 
Q Well, do I understand 


that as a result of the twinning, you're not going to 


do this at Point Separation, you're going to do some- 





thing else? 
A It's possible. 
Q Well -- j | 
WITNESS HARDY: I think, Mr. | 
Scott, you should realize that there's nothing unique | 
in this particular crossing from the point of view of | 
the excavation, except the length of the crossing, and 
you're going to have a little deeper burial than you 
have at some other places; but these crossings are 
going in across the Fraser River, for example, you see. 
There have been two put in the Lower Fraser in recent 
-- the last couple of years, one was in last year, and 
there is a contractor's choice in how he makes the 
excavation. It's possible, you see, to dredge the sort 


of hole that you're talking about, and I think you 





should not misunderstand us, that when we Say, a three 


or four to one slope, that that is precisely what will 
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1 Cross-Exam by Scott 

sl happen. This is one of the intangibles that you cannot 

3 | predict accurately beforehand what will happen. | 
4 I get asked this question | 
5 very frequently b uy dredging contractors, and that may | 
6 | be much steeper, you see. : 
7 Q The point that. I am | 
8 anxious to make is not about the inability of engineers. 
9 to do this. I have every confidence that you can do | 
10 this dreding satisfactorily. I would like to know when | 
yi it will be possible for us to determine what you intend 
12 | to do at Point Separation with this large volume of | 
13 | earth so that we can then begin to assess the impact | 
4 of what you propose to do? 
15 A What I was hoping you | 
16 would take from my explanation, Mr. Scott,‘’was that 
17 we're tending to exaggerate the situation that we're 

18 talking about here in relation to what is done every | 
19 few months on other Major rivers in British Columbia, 

20 and the fact, you see, that we may have 700,000 or | 
21 1.4 million yards in the two crossings, what we should | 
22 be concarned with is how much excavation have you got | 
23 per yard of width of crossing. | 
24 Q Well -- 

25 


A And where does that go? 
Q -- Mr. Commissioner, I 
am really, I suppose, asking for some guidance from 
Mr. Genest. I put the question to this panel about 
the impact of the Proposal that they have set forth 


in their application. Their response to my question is, 
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Cross-Exam by Scott 





“Well, we may not do that. We may do something else." 

I wonder when it will be 
possible to know whether the proposal contained in the | 
application is going to be followed, or whether some 
other procedure is going to be adopted, because there | 
is no point wasting any time as far as the participants 
are concerned, analyzing the effect of dumping a million 
and a half cubic yards of FT11 downstream, if we're 
going to be told in the last analysis, "Well, that isn't 
going to be done, something else is going to be done." 

A Ledon St thank’, Mr. Scott, | 
there's any suggestion that we're trying to evade the 
question. 

Q NO} no. 


A What I'm trying to pant 


out to you is that you're grossly exaggerating the 





difficulty of the problem, and now there are people that! 
can give evidence to the question as you've just put it, 
what will happen, you see, and when will it be done and | 
what the effect of that is, and that involves environ- 


mentalists, I think. 





MR. GENEST:- Wel Theat Sehink, 
Mr. Scott, what you're after, is what it is exactly we 


intend to do with this 1 1/2 million. 


MR. SCOTT: Precisely. 
MR. GENEST: Our application 
SayS we intend to deposit it down the river. It's been 


pointed out that since the application was drawn up, 





the quantities have doubled, and what is our present 
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Cross-Exam by Scott | 


Stand? The only thing, I can take that under advise- 
ment and let you know very quickly. 

MR. SCOTT: I asked the ques- 
tion because I am instructed that under the appro- 
priate laws or ordinance, that volume of fill cannot 
be placed in the Fraser River, and I'm concerned about 

MR. GENEST: In what river? 

MR’. “SCOTT: “In “the Fraser 
River. 

ME "GENEST =>" Oh. 


MR"SCOT?P: And*Ir"want to ask 





some questions about putting it in the Mackenzie River,| 
if that is the course that is to be adopted. | 

WITNESS HARDY: ° Again, sir, 
you are referring to total volume instead of volume Bee 
yard of width, and it makes a tremendous difference, 
and I would say you can get permission to place that 


quantity per yard in the Fraser at some times, not 





any day of the week. 

THE COMMISSIONER: Well, Dr. 
Hardy, can I ask you about the Fraser? The crossings 
that were trenched in the Fraser, were they carried 
out == ‘you said, I think you “said the lower ‘Fraser =~ 
and unless I lost something, there wouldn't be any 


ice, would there? 
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Cr. Exam. DY SCOLL | 

| 

A Well you see, you can adjust fas 
way to do it. This is -- on the Mackenzie, they pro- 

bably would be placed in on the ice. At Hope, there's | 

one at Hope in B.C., that probably wouldn't be placed | 

on the ice. There is also‘one in the last year. or two | 

at Shelley, which is up in the Prince George area, | 

and that could be placed on the ice. 
But the fact is though, you see, | 


that from -- it really in a sense is irrelevant as to | 


whether they place it on the ice or whether they don't,| 





although the mechanics of what happens to the 
excavation can be quite different. If you are using, 
if you are digging in the open water, why then it's 


-- you deposit it and it's not a matter of what we do 


with it, it's what that river will do with it, amongst | 


other things, you see, and these things are predict- | 
able. This is not a uniquetpractice.is the point JI ! 


| 
} 


am trying to make. 

Q Well -- | 

A But there is no | 
precise answer in every foot you will get the same | 
result if you do the same thing. 

Q You are saying 
to us that this is a vast quantitykof earth ~.but the 
river is a very wide river, is that -- that's the 
point you've been emphasizing with Mr. Scott? 

A That's right. We should be 
talking about the amount of earth we have to handle per 


{ 


yard, because you see on the Fraser, on the lower 





Fraser, there have been crossings put in where the 
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Cr. Exam. by Scott | 


cover is 60 feet,more than we are talking about in 
some of these cases here. And in that case, you see 
the amount of spoil per yard of crossing is -- would 


be more than would be here. 





MR. SCOTT: Well, Mr. Commiss- 
ioner, I would like to dfer that until Mr. Genest has | 
been able to get us the alternatives that may be 
adoptedat this crossing. I don't want to pursue the 
examination of a possibility that may not be now 
intended. | 


Could I come to one other matter, 





Dr. Cooper? In the evidence, there are two terms that 
have been used in place to place.» One is fossil flood | 


| 


plain, and the other is alluvialnterracendeDots under- — 
stand that those terms refer to the same thing, in | 
your judgment? 

WITNESS COOPER: ! 

A Yes, they do in my judgment.' 

Q And that therefore, both a 
fossil flood plain and alluvial terrace is a river 
built surface that lies above normal flood levels, but 
could conceivably be flooded under extreme cOnae iOn2 aa 

A Some of them could, yes. 

Q Yes. Well now, dealing 
with what has been described in the evidence as active 
flood plain -- you're familiar with that term? 

A Yes sir. 


Q And do I understand 


correctly that that isha riverubuiltesurface thatvis 





flooded or partially flooded when the flow in a river 
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Cr. Exam. by Scott 


exceeds what are called "bank full conditions"? 

A Yes, that would be basic- 
ally correct. 

Q Now I would like, with 
some trepidation, ask some questions of frost heave. 
Dr. Slusarchuk, would I be correct in listing the 
following four factors as being the factors, that give 
rise to the phenomena known as frost heave? First of 
all, unfrozen soil; in the second place, a freezing 
temperature; in the third place, a susceptible soil, 
and in the fourth place, the presence of water? 


WITNESS SLUSARCHUK: 





A Yes sir, that would. | 

Q Well now, I understand 
from other evidence that has been given, that about 
200 miles of the pipeline will be buried #n unfrozen a 
in a discontinuous area in which there is unfrozen 
soil? 

A Yes, sir. 

fe) And that that runs roughly 


from the Willowlake River entry down to the border at 





Alberta? | 

A Yes,sSir.. | 

Q I take it that because a | 
great deal of money has been spent on the dealing Paid 
the problem of frost heave, that Northern Engineering | 
Services regard it, if unsolved, as a serious problem. | 
Would that be fair? 


A If unsolved, as a serious 





problem? 
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Crs Exam. by “Scott 


Q Yes. If there were no -- 
if you had not devised a solution to the problems of 
frost heave, those problems would be a serious impedi-_ 
ment to the construction of the pipeline? | 

A MESYsirin#flLehink tthatihts.a 
fair statement. 

Q And can you tell me, just 
in point form, what the consequences of the failure 
to solve the problem of frost heavdwould be? What 
would happen if you hadn't been able to solve this 
problem, in point form? 


A Well if we couldn't solve 





the frost heave problem, then it would tend to heave 
the pipe and possibly overstrain it and burst it, 
that's a possibility. 

Q Yes. Would,short of burst- 
ing the pipe, would there also be a vastly increased 
maintenance problem if frost heave were not resolved? 

A I'm not quite sure I am | 
following you, sir. What part of -- what maintenance 
are you referring to here? 

Q Keeping the pipe in place. 

A Well if you hadn't solved 
the problem, how are you going to know what to do in 
your maintenance? I'm not quite sure what you are 
referring to there. 

Q Let me, put -1t this way, 
then. I think your observation is quite correct, if 
you haven't solved the problem, you don't know how to 


repair it. Would it be fair to say that the integrity 
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of the pipe would be severely endangered if this 
probiem were not resolved? 

A It’ could be in danger, yes. 

Q Yes. 

DR. HARDY: Incidentally, Mr. 
Scott, that was not an accepted fact at the time that 
the research program was developed. We didn't know 


with the 
and so it is a mistake to go into this/concept that 


at the time this research project on the frost heaving | 


was drawn up and funded, that we knew that there was 
-- that there would be terrific damage eS the pipe if 
we didn't get a solution. 

We didn't know what the effect 
would be. We knew that frost heaving was a possibi- 
lity, and we wanted to find out actually what it 
meant in terms of the integrity of the system. 

Q I take it therefore, Dr. 
Hardy and Dr. Slusarchuk, that what you're saying 
is that the consequences of failing to solve the frost 
heave problem, have become apparent as you have 
analyzed the problem? 

A NO;7EhES FS" not se, srr. 
I.have been working in frost action in soils for many 
years before this, and I recognized that one of the 
problems that had to be considered was the effect of 
frost heaving on the pipeline. There was no answers 
for it in®*the literature’ 

Q €Can*I¥interrupt youy pr® 
Hardy, to ask if when you began doing that, were you 


aware of the consequences of failing to solve the 
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problem? 
A No. 
QO A icin. 
A We didn't know precisely 


what the effects of the frost heaving would be. 


Q Yes. 
A On a line of this kind. 
Q I take it then ‘that when 


the studies began into the frost heave question, a 
question you knew you would have to investigate, it | 
became apparent that if the problem wasn't solved , 
there would be serious consequences? 


A Well, this gets into the 





area of the results of the program and I will turn it 
backyto Dr. Sisarchuk. 

Q Well, us that. fair, Dr: 
Slusarchuk? 

WITNESS SLUSARCHUK: 

A Could you state the quest- 
ion, sir, you are asking me? 

Q I understand from Dr. Hardy 
that the consequences of failing to solve the frost 
heave problem were not fully understood when the exam- | 
ination of frost heave as a phenomena began? Do you | 
agreewith that? 

A I really don't know how to 


answer that, sir. I think I stated just a little while! 





ago that with frost heaving, if you didn't know how 


| 
{ 


to handle it, you could in fact endanger the integrity 


of the pipe. That's certainly my view. 
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Q Well, let me put it this 
way. i take it it is only after your research has 
begun, your research toward a solution, that you have 
become aware of the serious consequences for the 
integrity of the pipe, of falling to find that solution?) 

A I think we have been able 
COnquancaty gt more, Sir. I"m not sure I. agree that 
we are not aware that there was apotential ime pe 
jeopardizing the integrity of the pipeline due to frost | 
heaving, prior to this frost heaving program. 


Q Well when then, just so 





I'll have it on the record, did your research program 
begin in earnest? 

A We started putting together | 
our proposal for the major frost heave study, some 
time, April, May, sometime in May of 1973, I believe, 
Sit. 

Q Yes. ; 

A And I think peopke were 
Timing about this prior to that time, and I can only 
speak around that time, because that's when I joined | 
the company. | 

Q Wed boa | 


WITNESS MORGENSTERN: I think 


I would like to add-- 
6) Dr. Morgenstern? | 
A Prior to the” formal 
documentation of the proposal, the problem had been 
identified earlier and scenarios of differential 


heave creating rupture if not resolved, clearly were 
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identified very early on, once we had recognized the 
need to pursue this. 

Q Well, perhaps I can ask 
this question. Apart altogether from the proposal for 
the program, when did work in earnest begin on models 
that would produce solutions, or that it was hoped 
would produce solutions? 

WITNESS SLUSARCHUK: | 

A At that time sir, about 
June ‘73, 


Q Yes. Well now, Dr. Slusar- 





conditions that one is likely to find on this pipeline 
route that, define them by identifying them first of 
all, what is the worst situation in terms of the frost 
heave problem that one is likely to find on this 
route? 

A The worst situation would | 
be where you have a soil that has the characteristics 
such that it would heave the most. 


QO Well I take it then that 





you are saying that the susceptibility of the soil is 


: 
going to make for the worst geotechnical situation, | 
| 

| 


Get nateCOrrect 7 

A You are asking what 
seems like a very simple question, sir, and I would 
really love to give you a simple answer, but there are | 
a combination of things that have to be considered, 


and that is the temperature of the pipe, the frost 





heaving characteristics of the soil, the depths that 
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i you bury the pipe, and so on, and all of these 

2 things you have to put into your analysis to see what 
3 is the maximum rate of heave or the total rate of 

4 heave of one section versus another; for example, 

5 if you wanted me to tell you which was the most -- 


6 | the worst frost heaving situation. 
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Q I withdraw that question 
and see if I can ask you this. In this 200-mile route 
what in your experienced judgment is the location that 
is likely to produce the maximum frost heave problem? 

A I'm not 
Sure -- do you want me to pin-point some spot along 
the -- 

Q That would be helpful nat 
perhaps then we can identify the characteristics of that 
spot. 

A No, I haven't identified 


that location,sir. 





THE COMMISSIONER: What about 
a stretch as opposed to a spot? 

A Well, any soils that | 
have fine-grained characteristics we are consider- 
ing to be potentially frost-susceptible, and you have 
to know the temperature of the pipe there, how fast 
the frost bulb grows, frost heave c lracteristics, 


what depth you build your pipe, and when you know that 


you can predict the rate of heat; and it's not until 





I.can put all those together that I can tell you whether 
location "A" or stretch "A" is more frost-susceptible 
or going to cause me more problem than stretch "B" or 
Location “Bh, 
MR. SCOT? | 
Q Well, do I understand 


tnen, Dr. Slusarchuk, that you're not able to tell us 





from your work that stretch "A" or stretch "B" is 


likely to be worse or easier or anything of that type? 
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A Well, what we have done, 
sir, is that we are working to performance criteria 
for heave and what we have done is developed an analy— - 
tical method to predict the heave. We have also devel- 
oped -- we've got samples from along the route and 
we've used our geothermal analysis to predict the posi- 
tion of the frost front. From.<=5 lise forgotten the 
question; I got so worked up in my points. 

Q Well, I understand, Dr. 
Slusarchuk, that you have been working at Calgary with 
the Calgary test-site, and the geothermal analysis 
which we'll come to in a few moments; but I take it 
that is it possible now for you to.assist the Commissio 
by saying at Mile 150 to 175 the problem is dikely to 
be more severe than it is at Mile 250 or 275, or are 
you simply not able to give us any assistance on that 
subject at all? 

A I'm able to tell you at 
any place along that line I can predict the heave and 


maintain it within our performance criteria. 


Q Have you done that? 

A For all along the route? 
Q Yes. 

A No-siz, ip,haven:' ts 

Q Have you done it in any 


substantial stretches along the route? 
A What we have done, we 
have located our samples along the route in various 


unfrozen zones, according to terrain type, whether 


| 
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| 
| 
| 
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| 
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Cross-Exam by Scott 

1t's deltaic sand’ or a ti11 soil, or something like 


that, and we have -- we are trying in the first instance 


Or we are doing in the first instance tying in frost | 
heave characteristics with the terrain type, for 
example. 

Q Nes, Dut Just so-1 iL 
be clear, do I understand then that you can outline | 
a combination of circumstances which are likely to 


Produce the worst situation? 


A i eruly ss cir, sao 


understand what you mean by "a worst situation". 

Q Well, you can tell us 
that if you have this kind of soil and thiskind of 
temperature, and this amount of water present, that 
you are going to have a certain result? 


A Yes, if what you mean by 





your worst condition , your worst situation is that 
we might have to apply the largest surcharge and 
bury the pipe the deepest, then I think we can tell 
you,we can analyze that situation . 

Q Bue Aetake it that you 
analyze that, if I can put it this way, by Popes eecH 
to the components and you've not charted it out on the 


route of the pipe. 


A We have identified 





unfrozen zones along the pipeline route, and in the 
first instance we have identified terrain units along 
there, and we are getting samples from those terrain 
units and have got them and we've tested them, and that 


is one of our first measures for correlating our 
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information, or grouping our informatiom. For example, 


whattis a heaving c_haracteristic of a till compared | 


to that of a deltaic sand sediment, a finer sand 


sediment that we find along the route? We have not 


done a mile by mile design. 


Q 


you haven't also done, to use a river term, a reach 


by reach design, or a segment by segment design. 


A 


gotten into final design at all. 


Q 


Wesi.ie Ilnttake. a titHat 


No sir, we have not 


So that when in -- I | 





should read you first of all the response to the 


Assessment Group's question 20 at page 20-3 of the 


response volume. The last paragraph on that page -- 


A 


Q 


A 


Q 


about the eighth line from the bottom, the authors say: 
"The amount of heave that the pipe can be 
anticipated under worst conditions, and if 


no preventive or remedial measures are taken, 


On what page, sir? 
20-3. | 
Yes, I have that. 


Yes, the last paragraph 





is about six feet or a little more within 


six to ten years." 


Now I take it, stopping there, that you're not able to 


tell us now where those conditions are likely to be 


found on this 200-mile route between Willow Lake and 


the Alberta border? 





Tucan*t tell Syou by 
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Hardy ,Williams 

Cross-Exam by Scott 
milepost “as per a’mile += (final mile’ by mile design, 
no Sur. 

Q No. Well now, just 
looking at that answer, it covers some other matters 


thatlrwant totdealwith; butebeforée “getting to it I 


take it therefore that you're unable to tell us now 





what percentage of the 200 miles falls within or near 
the worst conditions? 

A Mes sim, thaths richtatl 
can't put a firm percentage on that. 

Q Could you put even a 


rough percentage on it? De youncanheyp »saytsoe I don't | 





want to ask you to say something that you don't know. 

A No sir, it depends on the | 
depth: ofeburialethat you'd have. : 

Q Leave aside the pEbtanti va 
Measures as defined in that sentence, the amount of 
heave that will occur at the worst conditions, you have 
tid us that you're unable, because it hasn't been worked 
out, to tell us any location or series of locations 
where those worst conditions may occur. What I'm not 
asking and perhaps the answer is obvious, are you able 
to tell us what percentage of the route is likely to 
be at or near those worst conditions? 

A NOS@SLEFFI can't give you 
a figure on that. 

Q Well now, you say that 
at those worst conditions the heave, if no preventive 


mMeasuresAre to be taken, is about six feet or a little 
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more within six or ten years -- six to ten years. 
A Yes sir. 
Q Now would I be correct 


in saying that the bulk of that heave probably occurs 
within the first four to five years? 

A Yes sir. 

Q But in other words there 
is a decline as time goes by in the rate or I'm not 
Sure I've got the right language, but in the rate at 


Which the pipe heaves. 





A Yes sir, that's correct. 

Q And sthat, I. take it, is 
shown graphically on a chart conveniently on the last 
page of the Northern Engineering Services, "Results 
from Frost Effects" study with which you're familiar. 

A Yes sir, I have that. 

Q And that shows, does it 
not, that in four to six years you have come very close 
to six feet of heave? 

A Yes sir. 

Q Yes. Now, you have 
told us that in the event of one's failure to solve the 
problems of frost heave, that one would be concerned 
with a possible rupture of the pipe. 

A Yes sir. 

Q Do I also understand that! 
short of the rupture of the pipe, there is a bending 
limit of the pipe which becomes, in engineering terms, 


unacceptable? 
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A YOlsnave, tO .askithat oto 


the stress analysis people sir. 


Q I don't know who they 

are. | 
A They're the next panel. | 
Q Oh. I see. Well, were 


you given any guide-lines on that subject at all? 
A Yes sir, we have been 


given performance criteria. 


Q Well, in the addendum 


to the canned evidence of this panel at page 6 -- 


A Yes sir. 
Q -- the panel says, and 
I forget who actually read this paragraph, do you | 


bavesthatninsfront.ofnyou; «DxK.+Slusarchuk? | 
A Yeshsir, 
Q The panel says, beginning 
Btaline 5: 


"As an example in general the amount of differ- 





ential heave over pipeline lengths of 100 to 
150 feet should not exceed about 2 1/2 to 4 
feet." 
A Yes sir. 
Q Now I don't know who 
answered that question. Was it you, Dr. Clark? 


WITNESS CLARK: I read that 





into the evidence. 


Q Would I be correct as | 


reading that to say that at that point or within that 
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range, the acceptable limit of bending is reached? 
WITNESS SLUSARCHUK: Lt you | 
read your previous -- the previous sentence there, it 
says: 
"With respect to differential heave, our 
guide-lines," 
and by "guide-lines" that means our performance criteria 
guide-lines, | 
"is that the pipe should not heave differen- 


tially along its length such that the service- 


able radius of curvature is exceeded." 





And it is that radius of curvature that we are talking | 
about at that bend. 

Q Yes, that sentence is 
reduced to language that is more meaningful to me by 
Ene “sentence [ read, and really what I'm trying to 
establicn), i itis so, ls, that the limit of accepta- 
Batity. 


A Thateaws the. Limce oF 





acceptability from a stress point of view, but that 
is not the limit where you're going to start to buckle 
the pipe. People on other panels can explain that 
more to you, but the serviceability radius of curva- 
Cure“has a sSatety factor built into 1rt. 

Q Well, what I'm really | 
asking, I suppose I can take the answer that is in the | 
canned evidence and do what I want with it, but 


4 
| 


is it possible to reduce the margin that exists between) 


2 1/2 and 4 feet more closely? 
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Is it possible to be more precise about that figure? 
Either Dr. Clark, or you may know. 


WITNESS CLARK: It would be 


more precise with an actual radius of curvature. 
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Q What you're telling me is 


you can't translate it into language I can understand 





more precisely? 

A Well we did try to make it 
simple so it could be understood, and the two and a 
half to four feet, I believe it says in lengths of 
100 to 150 feet. You see it two and a half feet over 

would be 

150 feet/below our radius of curvature. 

Q I think I understand then. 
The two and a half feet relates to the hundreds, and 
the four relates to the 150? 

A Thats! correct’, tyes’. 

Q Yes. And that would be -- 


| 


anything exceeding that would be generally speaking 





unacceptable? 

A Those are the bounds that 
have been, that we have been told we should keep the 
differential movement, not the total movement, but 
the differential movement within those bounds. 

As to the serviceability of the 
pipe beyond those bounds, that would have to be spoken 
to by the stress analysis people. | 

Q Well now, is anybody on 
the panel able to describe where unacceptable Spe ets che 
ial heave, including up to rupture of the pipe could 
occur, assuming that there are no preventive or 
remedial measures? 

WITNESS SLUSARCHUK: Excuse me, 


sir, I missed the first part of your question. 





Q Are you able to describe 
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the conditions in which, assuming no remedial techniques 

unacceptable differential heave and going as far as 

rupture, could possibly occur? | 
A Well, we would try to esti- | 

mate the total heave along the route or along any 

section of the route, and the maximum differential 

heave that could happen over that length would be the 


one 
total heave, assuming that/point was not heaving and | 


the other point was heaving. | 
{ 
| 


In fact, of course, they are 





going to be heaving, like both points would be heaving, 
and the total heave would not translate directly into 
differential heave. 

Q Well, is it possible to 
give us a condition, an outline of the conditions or 
an example of that unacceptable differential heave? 
Dr. Clark may have something for you there. | 
WITNESS HARDY: m think MY. 


you 
Scott’should realize that the guidelines that Dr. 


very rimportant distinctiom, that in the initial cir- 


Slusarchuk has referred to, he has pointed out a 
cumstance you're talking about a stress level in the | 


pipe, and he has said that guideline is not a_ stress 





level that will produce buckling of the wallof the pip 
MR. S@OET: 
Q I think what I am really 


asking Dr. SlusarchukAfor is jtheesobl tconditions. | 


A I know, but you see, you're 





asking what are the conditions that will result in 


ruptre of the pipe. The system would be out of 
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operation before there was any rupture of the pipe, 


by buckling of the wall, and if the stress condition 
is eliminated, you get a permanent deformation in the 
pipe, and this may -- it won't put them out of 
operation, but can be objectionable. | 
Q Well, that's why I didn't 
restrict my questior{to Pupturele? said; "is rt-possible 
to describe the conditions when unacceptable different- 
ial heave, including rupture if you want to take the | 
worst case, could possibly occur. | 
WITNESS SLUSARCHUK: : 
A We would relate that to the | 
total heave, sir. We would look at the situations where 
we thought that we were going to have a lot of total 
heave, and if in our judgment we thought that you 
could get differential heave of two and a-half to four 
feet over a length of a hundred to a hundred and 
fifty Leet,) thenvyou could rdéntitytthat epic freyou 


were predicting a heave such as six feet such as you 


were referring to before, then it would be possible 


to, in fact -- it may be possible to get differential 
heaves of greater than two and a half to four feet. 


@ur pan; cf course 7 1s Mot ‘to 





allow the pipe to heave that much. 

Q Well, can you describe 
a geological cortition that would lead to that? 

A Well we've identified a 
couple of areas,-there's sort of unfrozen area where 
you just have heave along the pipe and you might have 


a different frost heaving rate at one position versus 
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a heaving rate at another position. That could lead 
to differential heave. | 

You could also get differential | 
heave say coming in and out of permafrost, for example. 
In a discontinuous zone, you've got an island of perma- 
frost,that you're coming through and the area adjacent | 
to that is an unfrozen area, where you have a frost 
susceptible soil and that starts to heave, and we 
brought up that point, sir, on page 6 there. 

Q Well, do I understand the 
position to be this then,that you're not able to des- 


cribe any concrete situation in which an unacceptable 


level of differential heave will occur? | 





MR. GENEST: You mean without 
remedial measures? 


MR. SCOTT: : | 


Q Without remedial measures? 
A Yes, there's cases where | 


without remedial measures you could get differential 
heave. I've already said, sir, that -- 

| 0) I think I am asking you to 
give me a case. 


A Well I have given you two 





of them, sir. I've given you -- 

Q Would you mind repeating 
them, they weren't clear? 

A The one is where you go 
from say permafrost to non+ermafrost situation, and 
that -- we brought this point up on page 6, and the 


other is jus twhen you're going along ordinary ground, 
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1 that's unfrozen but frost susceptible, andfi t's heaving 
L at one rate here and another rate here. 

3 Q Pitake* Ttthat you resnot 

4 | in the same way able to map,in any sense at this Sense, 
5 where those conditions are more or less likely to | 
6 | occur? | 
7 A We have not -- what I was 

8 saying previous, sir, and it was because you asked me, 
) was have we designed this more or less on a mile by 

10) mile basis, and said what's the heaving rate here and 
peat what is it there and what is it there, and we have 

‘al not done that. But we can go along the route and 
13 identify areas that are unfrozen, areas that have 
14 fine grained soil and frost heaving characteristics. 
15 | We can measure those and we have, and then we can | 
16 determine therate of heave along those stretches. | 
Wi Q Yes, but you're -- I take 
18 it you stick with your previous answer that you're 
Hay) not able to pinpoint any area where either the worst 
20 conditions obtain or pinpoint any area or reach where 
aad the -- an unacceptable level of differential heave is 
22 likely to occur? 
23 : A Well if you're saying | 
24 without remedial measures -- | 
25 Q Without remedial measures, 
26 A -- well then yes, I think 

ra Ticould, | 
28 Q Well all right, where are 
29 those worse conditions in this 200 mile segment? 


30 A The worst conditions would 
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be where you have a soil that is heaving very quickly 
at, for example, say along the areas that might be 
designated DL, or RKM, and they are unfrozen, along the 
terrain types. 

Q Well, what I am really get- 

two 

ting at with respect to these/problems, and my friend 
is looking at his watch, is is it possible to show us 
on a map where the critical areas, assuming there were 


no remedial measures would be? 


If,l Can give -vou a, parallel, 


the rivermen, I gather, can tell us that this crossing | 


is likely to be more critical in terms of problems 
than that? I wonder if it's DOssible,Srirat tc senor, 
tell us. Is it possible for you to tell us in this 
200 mile segment, where the critical areas are from 
the point of view of worst conditions and.from the 
point of view of worst differential heave, assuming in 
both cases, no remedial measures? 

A We haven't gone through 
that exercise yet, sir. 

Q AL rag ihe, 

THE COMMISSIONER: Excuse me, 


do we have coffee? I think we will adjourn then. 


(PROCEEDINGS ADJOURNED) 


| 
| 
| 
| 
| 
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1 | 
+ (PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) | 
af ME. SCOTT. “O Dr. | 
4 Slusarchuk, the questions I've asked you all related | 
5 to situations in the absence of remedial measures, and 
6 | just to review and to lay the groundwork for some | 
7| Particular questions I want to ask you, I take it from | 
8 | your response to the Assessment Group's concern at | 
9 page 170, there are basically four remedial measures | 
lo. that am contemplate in the face of frost heave. The | 
big firs PO's deep burial, the second is the surcharge or | 
12 the'berm) ‘the’ third is the replacement of frost-suscep- 
13 tible soil with non-frost-susce ptible soil; and the | 
4 fourth relating particularly to -- relating exclusively, 
15 I think, to cases where there is dual piping, is an | 
16 alternating of the flow through the two pipes. Are : 
17 | those the four remedies that have been devised? : 
18 WITNESS SLUSARCHUK: Those are 
1 the four major remedies;,*vés ‘sir 
20 Q Now, would I be correct | 
21 in saying that apart from the work at the test sites, | 
22 including Calgary and the other test sites and the 

23 models to which you have referred, there is no precedent 
24 for the utilization of these remedies iT a CasecoL a 

25 | chilled pipeline traversing the kind of area that is 

26, found in this last 200 miles. 

27 A I'm not aware of any. 

28 Q Yes. Well now, Dr: Clark, 
29 in connection with this you gave evidence on the question 
30 of drainage problems, and as I understand it, there are 
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two potential drainage problems, the first is the 


problem of surface drainage and the second is the 


problem of sub-surface drainage through what we counsel 


called the Carson Templeton Wall, which is the wall 


formed by the ice bulb. Have I characterized the two 


drainage problems? 
WITNESS CLARK: 


A Yessir. 
Q And I take it with | 
respect to surface drainage, the -- generally speaking | 


the solution proposed is a series of appropriately 





placed berm breaks. 
A Are you referring to the 
areas where we have surcharged for frost heave, is 


that correct? 


Q Yes. ‘ | 
A Yes ,.that wacorrect. 
Q I take it where you have | 


no surcharge, there will be no drainage problem at the 


surface in your judgment? 





A No; athat"s\correct. 
It's the spoil mound only. 

Q Yes. Now with respect | 
to sub-surface drainage, I understand that the ei ee 
proposed is the insertion of a pipe through the Temple- 
ton Wall, beginning outside the frost-heave area and 
ending up on the other side of the pipe outside the 
frost-heave area. | 


A That would only be | 


applied where there was a significant flow which 
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essentially means an aquafer, the gravel bearing quite 
a bit of water. 

Q Yes; DUt in those cases | 
where there is what you characterize as a serious sub- | 
surface drainage, am I correct that that is the 
principle solution on which you rely? 

A That °s*correct / yes. 

Q And would I be correct | 
in saying to you that with respect to the sub-surface | 
drainage solution there is noprecedent outside of | 
the laboratories and the test-sites for the usage of 
that device? 

A I'm not aware of whether 
that's been used for sub-surface drainage. 

Q Yes.) angele takevit that 
the only precedent for the berm break might exist in 
a southern Canadan community, or a southern Canadian 
pipeline where there is no permafrost problem. 

A My understanding is that 
berm breaks were used, for example, on the Pointed 
Mountain line. Spoil mound breaks and similar methods 
to what we have described. 

Q I see. Apart from the 
Pointed Mounted line, are you aware of any precedent 


for that solution? 





A I believe it's my under- | 
Standing is that it's a solution on virtually all 
pipelines, that they use these techniques. 


Q What I was really asking 
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is in an area of discontinuous permafrost, are you 
aware of any cases where this solution has been 
used to respond to surface drainage problems over a 
ErOst bulb? 
A Not over a frost bulb, 
but the -- several of the drainage measures have been 
used in one form or another on, for instance, roads 
and highways and forestry roads. 


Q Now, Dr. Slusarchuk, 


have you formed any view as to how important, 1t 1s ‘to 





quantify the conditions along the 200-mile route that 
contribute to frost-heaving in order to estimate the 
amounts and rates of heave from place to place? 

WITNESS SLUSARCHUK: Yes sir, 
I have. : 

Q And do I understand that — 
your quantification technique is the geothermal 
analysis? And the terrain analysis maps. | 

A Plus the results of our | 
frost heave tests that we've done on samples along the | 


route. | 





Q Are you talking about 


frost heave tests that you've done apart from the test-| 


| 


sites? 
A Yes sir. 


Q Yes. When you say you've 





done frost heave tests apart from the test-sites, have | 
you actually buried pipe in locations along the route? 
A By frost heave tests, 


| 
| 
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I'm referring to the laboratory tests that we are doing. 





| 


On our 4-inch diameter undisturbed samples that we've | 
obtained from along the route. 

Q Oh, I see. What you're 
telling me then is that your laboratory experiments 
have utilized soils that are found along the route. 

A Yes"sar. 


Q You're not telling me 





that you've actually gone out without a permit on the 
route and buried a piece of pipe. 
A No, sir, I wouldn't do 


that. 





Q Too bad, that might be | 
one of the ways to find out some of these things, but 
I take it then that your ability to quantify the con- 
ditions in order to estimate amounts and rate of heave, | 
are based on the terrain analysis maps, the geothermal 
analysis, your laboratory models, and I think to be 
fair, your drill holes where they exist. 

A Yes sir. 

Q Well now, on the basis 
of that material, to what extent and in what detail have 
you been able to quantify those conditions to date? 
As to rate and amount of haave along the route. 

A We have sampled, we have | 
obtained frost heave samples from along the route 
at different locations, and obtained average frost 


heave characteristics for those soils, and we then 





look at the line temperature profile, for example, to 
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it 

3 find what the temperature of the pipe would be at 

3 any location, and see what sort of rates of frost 

‘ penetration we would get and then translate that into 
> predicted heaves. 

: | Q But I take it that at 
7) this stage you really have been confronted with taking 
8 | only random samples along the route. 

Pi A Absolutely. 

= Q Yes, but there has as 
uh yet been no attempt to quantify the nature of the 

He route itself as to amount and rate of heave. 
iS A Other than through our 
14 terrain, typing. 

IS Q ves, Other vthan through 
Mp your terrain types and your maps. : 
pu A Yesasaur. 
me Q Well now, I take it that | 
sad it is obvious that in order to do that a substantial 
ap amount Of drilling will have to be done. 
a A We will have to do some 
ee more driiling, Yessir. 
23 
24 

25 

- 

27 

28 

29 
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Q Are you in a position to 
estimate the extent of the Gri Wanghthatawill be 
required, let us say, on the Fort Simpson route? 


WITNESS SLUSARCHUK: 


A For frost heaving? 

QO Yes. 

A Are you talking now about 
final design, sir? 

Q As you move toward final 


design, what is the rate of drilling that you will 
-- that you judge to be required before this quanti- 


fication can be done? 


A We havent established that, 


sire 


Q Ilusee. And I take it that 


when you come to establish that, one of the things 


you will know when you have established it on an area 


or reach basis, isthe -- and assuming deep burial to 
be one of the solutions, the depth at which the pipe 


should be buried fronfplace to place? 


Well let me put it this way -- 


A You lost me part way through 


that sir: 


Q The purpose of this quanti- 


fication, as you move towards final design, one of 


the purposes of it, is to tell you,assuming deep burial 


to be the solution adopted -- 


A Yes, 8Six. 


Q meeothe depth atowhichyiin any| 
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is the other side of the coin to homogeneity, is it? 
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given location -- 
Yes sir. 
meeyouU must bury? 


Yessir. 


oOo - © 


And I take it.you're a geo- | 
technician, but you're not remote from economic 
questions, that the deeper you bury it, the more expen- 


Sive it's likely to be? | 


A Thats might... soy a: st 
depends how deep you're talking about. If you're talk- 
ing about the depth of the duteher, it’s not very much | 
more expensive, to,go to that, lieved. 


Q Well now, as you move to 





that stage, is it important to know vertically and 
laterally the heterogeneity of the soil through which 
you are going to be passing over short distances in 
order to predict heave, differential heave? 

A Yese Sinz. it will, be..a. factor 
that we take into account. 

Q Ves, well I would like to 
show you a sketch that we prepared which to say the 
least is not to scale, but -- and it's a sketch of a 
speckled bog, and I take it that you're familiar with 
that phenomena? 

A Yes sir. 

THE COMMISSIONER: It sounds 


like ajrock group. ..It wasn t, very funny. Heterogeneity 


A Yes: sin: 


Q Are we using those words in 
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the right way, or am I? 


A Well that's the way I under- 
Stand 1c, -sir. | 
MR oCOTE:” I should: point out, 


Mr. Commissioner, that I had to experiment in the 


pronunciation of that. 


Q Now, just as a point of 
reference, this is -- as a point of reference, a 
speckled bog is found on the Fort Simpson new alignment | 
sheets 1M 02001019. Well now, Dr. Slusarchuk, have you 
done examinations of speckled bogs? 


A We have considered them, 





sir, yes. 

Q Yes. Well now, I take it 
that one of the characteristics of a speckled bog is 
that it is overlain usually with peat? : 

A Yes sir. | 

Q Yes. Well let us assume 
that to be the case there, and that let us assume that 
below the peat is silt till. 

A Okay. | 

Q And I take it that that 


would be a reasonably typical analysis of a speckled 


bog? 

A We found that in several places, 

Q Yes. And because it's a 
bog, the water is -- or the water table is pretty well | 
at ground level? 

A Yes, sir. 

Q And do you see the water 
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table there? 
A Vesmlado. 
MR. GENEST: Could you show it 


EOn Me Mian S CO tt 


Clark, Hollingshead, McRoberts, 
Slusarchuk, Mogenstern, Cooper, 


{ 


| 


MR SoCOTL: 
Q Aires loragh tjePrs Slusarchuk, | 
that appears to be peat indicating below that line | 


into the depth, and this appears to be silt indicated 


below as it is shown and that would be a typical 


example of a configuration in a speckled bog, would 


ate? 

A I'm not sure how typical 
it is, but you can -- I imagine you could find it, 
alidl right; 


Q You wouldn't be surprised 
to see that? 

A No,ad don! t) thinks so. 

Q And the ground table in 
this example is at the top of the peat? 

A Yes! sir. 

Q And I take it that that 
would be -- 

MR. GENEST: Did you mean the 
water table or the ground table? 


MRet SCOTT2si1'm sorry, I meant 


the water table. 


Q And that that would not be 


an untypical situation? 


A Nos, sthatiais’ conrect,.isixn. 


Q And the dotted line that is 


| 
| 


| 


| 
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shown on both sides of the diagram is the line of 


permafrost? 
A Yes, sir. 
Q Distinguishing frozen from 
unfrozen? 
A The other way around, sir. 
0 I'm*sorry; I*had my .fingers 


in the wrong place. Unfrozen on the bog side and 
frozen outside? 

A Yes, sir. 

I see a lot of red marks along 
there sir, I can't see them from here. 

Q That's your pipe and we 
will be coming to that in a minute. 

A Okay. 

Q I want to ask you about 
the qualities of those two kinds of soil from the 
point of view of frost susceptibility. What do you 
Say “about sPlt till? 

A Silty till would have a 
low shut-off pressure. 

Q Would you characterize -- 
I. suppose that teaches me for asking an open-ended 
question, but would you characterize a silty till as 
one that “is "or is not fret susceptible? 

A Our position, sir, is you 
can't classify a soil as frost susceptible or non- 
frost susceptible, unless you talk about the pressures 
This was part of the thrust of my show that I put on 


the other day, or whatever you want to call it. 
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@) Let's deal with those 
pressures. Where are the frost susceptible soils in 


that diagram,if any? 





A The silty till would be more 


frost susceptible than the peat. 

Q Well now, it's hard to see 
the red lines -- it's hard to see the red line, but 
stand up and come over if you can't, the top red line 
is designed to signify the bottom of the pipe. The 
dotted red lines that appear below it are the bottom 
of the frost bulb as it develops at one year, at two 


year and at ten years, and recognizing that that is 


not to scale, would that be a reasonable configuration?’ 


A I don't think the position | 


of the frost bulbs are very good. 

Q Well then, where would you 
put them? 

A Well I think it would pene- 
trate down a little bit faster in the earlier years. 

Q All right. Well then do I 
understand then that you think a frost bulb would 
proportionately move to 20 feet more quickly than is 
shown in this particular sketch? 

A Yes, sir. The position of 
the first year to the second year, the first year 
would be closer to the second year than is shown 
there. 

Q ALlarignt. | Now, Dr. 
Slusarchuk, would you agredwith me that that diagram 


with water at the surface, represents one of the 


| 
| 
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worst cases? 


Slusarchuk, Morgenstern, Cooper, 


A Excuse me sir, could you say 


that again? 


Q Would you agree with me 


that that diagram with water at the surface, represents 


one of the worst cases? 


A It represents the worst 
case from the water point of view, yes. 
Q Could you describe for us, 


how if at all, differential heave would occur in that 
diagramatic example? 

A Should I go up there? 

Q Yes) Liat sveasier for. 


you. 
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Cross-Exam by Scott 

A Well, you will not be 
neaving an tis ared: 

Q You're indicating the 
peat area. 

A Indicating the peat, 
yes. 

Q And why is that? 

A Because it doesn't have | 
-- it has a very low shut-off pressure, -a Tittle bit 


of overburden pressure will stop that from heaving. 





Q Yes? 
A It won't be heaving over 
here, and again I'm indicating the peat. It will’ ‘tend 
g p 


to heave in that zone there. 

Q Well all right, could 
I stop you there and ask you a question? I take it 
the frost bulb will form more or less uniformly across 
that diagram. 

A NOV donec thinkerchat’s 
true. 

Q All right, what do you 
think? 

A T think) the frost wilt 
penetrate faster here than it will on the peat. 

Q You're indicating that 
the frost bulb will grow faster in the silt till than 
in the peat. 

A Yes sir. 


Q Yes. Now when you're 
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Saying the frost heave is more likely to occur “an the 
Silt till than in the peat, I take it what you're 
Saying is that lensing is more likely to occur at the 
frontier of the bulb in till than in peat. 

A Yes sir. 

Q Is differential heave 
going to occur at that point, at any point of frozen- 
unfrozen contact? 

A Ves = sir tigi in 
through here. 

Q Well now, I take it that 
that is a case at which some remedial measures will 
have to be taken. 


A We'd have to analyze 


Perf vret. sar, but it certainly is an area of potential|. 


Q Well, what is the 
remedial measure that you would contemplate as being 
a typical response to that problem? 

A Wercould bury: ita 
little deeper, or we could DULL alsurcharge, on, it sir. 

Q Yes. Well now, Dr. 
Slusarchuk, this is a sketch, obviously, drawn by 
very amateur hands. Don't you agree with me that 
in order to determine what is going to happen in that 


piece of ground, you have to have a very clear under- 


standing of what's under the surface in sae substantial! 


detail? 


A If you were interested 


in accurately predicting the heave along there then you 
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would, yes. 
Q And aren't you i Cees teal 
in doing that? | 
A To a certain degree, sir,| 
but we plan to monitor the performance of our pipéline 
and from that point of view we would actually have 
a measure of what heave was going on. 
Q Well, you have said that 


you're going to monitor the performance of your pipe- 


line, do I understand, however, that you propose 





to build a pipeline in which the problems associated 
with frost heave will not occur, that that is your 

intention? Or are you going to build a pipeline in 
which frost heave will occur and it will be remedied : 
subsequently? ; | 

A We would initially build | 
a pipeline and apply our preventative measures at the 
time that we were constructing the pipeline. We'd 
monitor, and if at some time in the future we were 
seeing heave, different than what we thought we were 
going to get, then we would have to remedy that at a 
future date, of course. 

Q Well, I take it that 
there is a difference of technique involved, that | 
is it the position of Northern Engineering that they 
propose to take all precautions to ensure during 
construction,*'to ensure that frost heave will not 
occur? 


A We're not trying to 
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ensure’ that’ frost heave isn't going to occur, sir. 
We're trying to ensure that frost heave is not going 
to occur to such an extenf*to exceed the serviceability | 
Timit’’ot tthe pipe. 

Q Yes, so am I correct 
in saying that the position is that you are going to 
design a response to frost heave that will first of 
all ensure the integrity of the pipe? | 

A Yes, sir, that's what | 
we're -- | 

QO Yes, and that even in | 
those circumstances, and with that kind of design, | 
frost heave may occur. | 

A Frost heave will occur, | 
yes. 

Q And that the response to 
-—VJand that you anticipate yt occurning. 

A We anticipate frost 
heaving €o “occur: | 

Q So that your design after 
construction is based on an anticipation that frost 
heave will occur in the next five or six years, from 
location to location. 

A After the pipe goes 


| 
| 
| 
| 


into operation and we have put on preventative measures, 





we are still going to get frost heave. Is that what | 
| 

you were asking? | 
Q Well, it seems to me that | 


it's a question of design technique. I may be wrong 
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because I'm a neophyte, bit it seems to me that it's | 
a question of design technique, you are either going to | 
design the pipe and the remedial measures to rule out 
for all practical purposes the occurrence of frost 
heave by placing your over-burden during construction. 
That's one possibility, isn't it? 

A We don't have to | 
eliminate frost heave, sir. We only have to keep frost 
heave down to -- to use our example -- 2 1/2 to 4 feet 


within a length of 100 to 150 feet. 





Q Yes, that's -- 

THE COMMISSIONER: That's the 
dutferential, is it, thatQ@you'vestalking about? 

MR. SCOTT: Yes. 

A That's the differential | 
heave. 

Q You don't have to elimina- 


te frost heave for the purposes of ensuring the integ- 





rity of.your pipe: 

A Thats)s ycerrect, 

Q Allvrightanwelbl<Etmpnot 
concerned about frost heave in that context. I'm sure 
that Northern Engineering will devise ways of looking 
afterpthetintegritykofsitsypipeshbut't takéritethat 
what you are saying to me is that your design of deep 
burial or berms will be such a design that it will 
ensure the integrity of the pipelfirstmofinal lz 


A Yes sir. 





Q But it will anticipate 
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that following construction there will be from place 
to place frost heave. 

A There will be frost 
heave. Now, this doesn't -- I'm not sure whether 
you're asking whether that means we'll go todo remedial 
measures from place to place, we’re anticipating that. 

Q Well, that's what I'm 
getting at, and nat your remedy for that frost heave 
is to observe and come in and apply extra overburden 
as required. 

A We are now talking about 
a substantial amount of frost heave. 

Q Yes. 

A Not just frost heave, 
and then these will be very localized cases. 

Q But I take it, I take 
it, Dr. Slusarchuk, that it is possible as a design 
matter -- I'm not saying it's the preferred way -- but 
it's possible as a design matter to construct your 
pipe, bury it at a given depth, apply a calculated 
overburden, which will effectively prevent frost heave 
ahove the berm. 

A We seem to get in the 
same position, you keep saying there's no frost heave 
and I keep telling you that we're going to have frost 
heave. 

Q Well, I meant heave of 
the pipe, I'm sorry. I meant heave of the pipe. 


A Well, we're going to get 
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heave Of the pipe, and thats part of our design. 
We're not stopping or eliminating all frost heave, 
we're just keeping it within limits. 


Q Yes, and the remedy that 





is contemplated in your design is inspection and the 
placement of overburden at various periods of time 
as required. 

Maves Sit.) liewerdi1an. tc put 
enough on to start with, and we monitored and we found 
that it was starting to heave too fast, then we would 
go in and do what you're suggesting. 


Q Yes, but do I understand 





you to say that you don't intend to put on the optimum 
amount that will prevent the pipe heaving up? 

A Novsix. 

Q Are you intending to 
maximize the berm so that at the conclusion of construc+ 
tion you will be able to say, "This pipe should not 
move." 


A You've got two questions 





in thereand you keep saying the pipe isn't going to 
move. We can except the pipe moving, and maybe you 
could break up your questions one at a time so I can 
answer them one at a time. 

Q Well, I take it that one 
of the remedies proposed to prevent the pipe moving 
is deep burial. 

MR. GENEST: Excuse me, Mr. 


Commissioner, but my friend keeps repeating "to prevent 
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the pipe from moving" and the witness keeps saying 


"the pipe is going to move". The real question is 





a differential move or a move beyond acceptable limits. | 
MK. oCOTi: ALi riane, Let me 


! 
} 
| 
! 


rephrase it. 


| 


Q Ietake, ft. that your 


| 
remedy to prevent differ-- unacceptable differential 


movement is one deep burial, or two, the addition of 
a berm. 

A That.SeCOrrect,. S17. 

Q Yes, and I take it that 
you are not designing the placement of the pipe on the | 
basis that at the conclusion of construction you will 


bevable to say, "This pipe will not move beyond 





e 


acceptable limits". 

A We're going to attempt 
to do that but in case the ground has been different 
in some cases than we anticipated, we are going to 
monitor and that will tell us whether or not we need 
to go in again. But we are planning to go through, 


construct and put a proper depth to the pipe and a 





proper berm so that we're not throwing the problem 
over to the maintenance people, to say, "You keep 
adding more berm on there to keep the pipe down" 
we're going to run through our calculations and our 
analysis, and if say we're going to need a certain 
amount of overburden and a certain depth of pipe in 


order to keep the differential heave at a certain 





level, that's what we're going to do. 
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Q AaY@rignt; “so you should 

I 

be able to say at the conclusion of your work, assuming, 
the construction people do what you tell them, that | 


"We do not anticipate the necessity of adding more 


overburden." 


A We can't say we don't 


anticipate it, because if we didn't anticipate it 





why would we go to all the trouble of MONICOLrinigG= te 
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Q Well7ehcthink that's a | 


fairly crucial point. At what rate do you anticipate? 
Obviously, you can -- it's quite conceivable that you 


can design a line in which you bury at a certain level, 





and overburden at a certain level, and in which you 
anticipate, they may be economic, but major remedial 
steps. | 

I take it from what you say that | 
what you're doing, is you're saying under ordinary 
circumstances, we're going to build this so that it 


would not -- and bury it and overburden it where re- 





quired, so that it will not move within --without 


the acceptable limits, and that we're going to monitor | 


| 


A Phat Ys. cormrecerrand ito allow 


just to be sure that we were right? 


us to take remedial measures if we were wrong. 


Q Yes, and if you are totally | 


right, the number of remedial measures will be very, ! 
very small? 

A Tat asSscorrect 

Q Well now, don't you agree 
with me that in approaching that speckled bog complex, | 
you really -- in ordexto determine the depth of burial, 
or the overburden required, you are going to have to 
do an indepth analysis of that phenomena as it 
appears? 

A As we go across speckled 
bogs, we are going to analyze it and do it in depth, 


that's’ correct. 


Q Well, are you going to do 
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test excavations at sites like that? 


A We are going to have the 
ditch, 

Q Well I know you are going | 
to have the ditch, but -- and we'll come to whether 


when you have the ditch it's too late, but are you 





going to do test excavations before you have the ditch? 
A Well, we will put down bore 


holes along there and get some samples. | 


Q You intend to do bore | 
holes? 

A Yes sir. 

Q Do you intend to part from 





bore holes to do a test excavation at any site? 

A Not at the moment sir, we 
don't have that plan. ' | 

Q Allright. Well now, ina : 
Situation like that, how closely spaced would you | 
anticipate the bore holes will be? 

A Wel wchiesi as: SOontyOf.a 
matter that we were going to be determining in final 
design, exactly how close we're going to be requiring 
bore holes. We haven't determined that at this time, 
sir. 


Q Well now -- 


WITNESS MORGENSTERN: May I add | 


a point here? We would also make use of geophysical 
techniques to profile,so that you are not fully relied 
on just bore holes, 


MRLs SCOTT: 
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Cer "Ee xaire ay Scott 


Q I'm not sure that I under- 
stand what you mean by geophysical techniques? 

A Seismic and electrical 
resistivity profiling and other sensing devices that 
will pick up the silt till contour without actually 


having to put a hole down every ten feet. 


Q Well now, on page 15 of 
the canned evidence for this panel, this answer is 
provided: "The site specific drilling will be com- 
pleted in sufficient time to allow detailed specifi- | 
cations to be prepared for all facilities. It is 
not expected that a great deal of additional drilling 
would be required for the pipeline route itself, as 
the terrain typing and the verification test drilling 
would prove adequate for most of the final mile by 
mile design". ‘ 


Now, do I understand that this 





kind of example is a case in which Northern Engineerin 
will want to do fairly extensive test drilling before 


final design? 


“WITNESS CLARK: 

A We are continuing now with 
test drilling to broaden the data base that we have 
forediffierent~soil types sbutbinta tsituation |bikecthis, 
we would attempt to optimize the test drilling by the 
use of a geophysical survey. 

Q What concerns me about the 


problem is the assertion by -- in the recorded answen,, 





which I read to say that theldrilling program is sub- 


stantially finished, it is not expected that a great 
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deal of additional drilling willle required. 

A No sir, we are talking 
about two things here. One is the site specific | 
drilling, and the site specific drilling would relate | 
to such things as slopes, azeas of complex terrain, | 
relative to frost heave such as you have illustrated Be 

Q Yes. 

A ssnspecific sites. for 
compressor stations and so on. 

Q Well, would the answer in 
the canned evidence then have been more accurate if | 
it had indicated your intention to dop,iny particular: 
sites,reasonably extmsive drilling before final design? 


A The intensive drilling 





would be in localized areas. | 
| 


| 
| 


Q But I take, and this would 
be one of them? 

A This could be one of them, 
We have recently done some drilling at similar sites 
to this already. 

Q Welt. pure t.tOlyvou, Dr. 
Clark, and it seems to me that this may be what you 
intend, that there will be a substantial number of 
sites along -- I'm talking about the 200 mile section 
now, in which you will require’ very substantial drill- 

ing in particular sites? 

A That’ s.correct,,.yess 

Q Yes; «And Lt wouldbe | 
correct, therefore, to say that when you come to 


difficult situations in the final design stage, there 
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Slusarchuk, Morgenstern, Cooper, | 


Hardy, Williams | 


Cr. Exam. by Scott 


will be an etensive drilling progran{to determine the 


nature, precisely what is underneath the ground over 


which you must cross? 


A At specific sites, yes. 


Q 


Morgenstern referred, to geophysical techniques that 


would be utilized. Was I correct? Did I -- has a 


Now, you referred, or Dr. 





geophysical survey on this 200 mile section been done? | 


A 


our geophysical survey. 


We have not as yet done 


It's in the planning stage, 


the early planning stage right now. 


Q 


Wouldn't you have expected 


it to be done by this stage? 


A 
Q 
A 


Q 


that that will be completed? 


A 


now is to determine the optimunit ime EGnaO Et, Telative 


Om 
Q 
A 
design. 
Q 


survey are you presently cortemplating? 


A 


our geophysicist who is at work now on a report to | 


present our recommendations as to the type. 


Q 


No. 
Are you behind on that? 
NOtCtat- all. . | 


} 


Well, when is it anticipated 


That is part of the study 


TOA r It. 


-- relative to the final 





What type of geophysical 


That will be determined by 


But ‘I ‘take it that there 
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is no intention with respect to specific and difficult 


areas, to do an excavation before final design? 
A We don't plan to open up 


any large test pits. 





Q Do you conte mplate the 
possibility that you may have to, in order to get 
adequate knowledge? | 

A Well in fact, we have posted 
up test pits where they have been appropriate. We 


have opened up test pits very recently to get certain 





types of samples, but in this particular situation 
that you have described, we would not be relying upon 
a test pit in the middie of that speckled. bog. 


Q Well now, let's look at 


that example just again in terms of how the pipe will 
work. I take it that you have the pipe, and Dr. 
Slusarchuk, it's your judgment. that the bulb will 
develop all along the pipe, but at varying degrees, 
depending upon whether it's in peat or in silt? 

WITNESS SLUSARCHUK: 

A Yes, sir. | 

Q So that the bulb in the 
silt area will get bigger faster than the bulb in 
the peat area? 

A Yes, that would be my 
estimate, sir. 

Q So what we have in this 


bog is not a consistent bulb as you might have in one | 


soil type, but a bulb that shows a configuration? 





| 
A Yes, Sir. 
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1 Q And isn't it correct to see 
2 | the pipe when the bulb has formed, as I think some 

3 member of the panel referred to it, as a new object, 

4 maybe 30 feet in diameter at its maximum growth. 

S Wouldn't that be correct? 

g | A Yes, it would be 30 feet 

4 | in diameter. 

g | Q So it's wrong after the 

9 frost bulb has been created to think simply of the 

Hea pipe. We must think of a frozen object, let us say | 
ee 30 feet in diameter, in the middle of unfrozen soils? | 
12! A Yes, sir. | 
13 | Q And the exterior of the | 
14 | frozen object is earth, and it's not unlike concrete, 
15 EU el ety 
16 A No. i 
17 Q It's not concrete. | 
18 A It's different that con- | 
19 Crete, sir. | 
20 QO Yespobut Ieput 1Tt!to you | 
21 that you can visualize this by imagining a 30 foot 
oO} diameter concrete bulb with a steel liner in the | 
Be Pentre on 1ty | | 
24 A I don't believe that would 
25 be a correct analogy. 

bie Q Well, how would you 
on analogize it? 
28 || A I°wouldn't try “to ‘put “an | 
29 analogy to it, sir. It's just frozen soil around a 


30 piece of pipe. 
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Q Well let me put a -- my 
analogies are notorious, so I will withdraw that one, 
but I take it that when that situation has developed, | 
one cannot think of the movement of the pipe except in| 
terms of the movement of the frozen area around it? 

A Yes, sir. 

@) Now that frozen area ins 
the pipe is variable in quality and quantity? 

A You mean because it's going 
from the peat to the till, is that what you are 
referring to, sir? 


Q Weld: first) ofsali’: iny terms | 





of quantity it's variablekecause you've told us it's 
bigger in the till area than in the peat area? 

A Yes. 

Q And it is -- I.take it 
that it is also varible in terms of quality in the 
sense that it may be more closely or more densely | 
packed in one section of the till than in the other? | 
As a result of the configuration of the earth? 

A Well that's possible, 
certainly. 

Q Well now, I put it to you 
that the steel has one strength, which is reasonably 
consistent, isn't it? 

A Yes, sir. 

Q Buti youd. eto hyodu that 


the so-called concrete around the pipe, because of 





its variations in quantity and quality, has a variety 


of different strengths? 
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A Within the frozen mass? | 
Q Within the frozen mass? 
A It could very well have | 
Sidi es lt. | 
Q NGsig (he frozen peat will # 


be either stronger or weaker than the frozen Silt? 

A Yes. 

Q And have you considered 
how, in terms of differential heave, how these forces 


in what I call the concrete, are going to work? 


MR. GENEST: Why doesn't my 





friend call it the frozen ground, because nobody has 

agreed that it is concrete. | 
ME oCOTi:. All sight, very well, 

Mr. Genest. ‘ | 


Q Have you considered how 


those forces are going to work with the pipe? 


A Weve considered it, yes, 
Sir 

Q Well, what is your con- 
clusion? 

A By and large, take for 


example, the centre of the silt till mound there, 

just where you have got your five foot. You would 
start to freeze your frost bulb around there, and 
by and large, sir, my conclusion would be that the | 
frozen soil around the pipe would act more or less 


like a solid body, a rica dl body . 
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Slusarchuk ,Morgenstern,Cooper 


Hardy ,Williams 

Cross=Exam by Scott 

Q Isn't it possible that 
as the pipe is warped under differential, and that 
Wil bhoceur ;iwon”’ at? 

A Yes. 

Q But as the pipe is 
warped under differential heave, the warping or some 
of it will concentrate on the weaker parts of the 
ee 

A Could you just go over 
thataagain? sir? 

pende an analogy to you. 
If I take -- maybe another example, take a pencdl and 
let us assume that the inside lead in the pencal is 
the pipe, and the outside wood is the frost bulb, 
a convenient, and in this case and unlike that case, 


uniform sized bulb. Now the pencil isn't long enough, 


but I can bend that and it will bend generally 


evenly along the pencil. You're familiar with that, 


aren't you? 

A Yes sir. 

Q Yes. If there is an 
imperfection in the wood, the pressures will concen- 
trate at that imperfection, won't they? 

A In that case they would, | 
yes. 

Q Lf ol cut a fine in the 
pencil, the pressures would -- the warping pressures 
would concentrate at a point where I've cut. 


A The pressures would or 
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the bend would? It would certainly bend more there. 
Q Well, it. will bend there 


to the point of breaking, won't it? | 





A On VOur pencid i1t) miont. | 


Q Well, what I'm suggesting 
to you is that in a situation like this, where you have | 
different kinds of soil, different dimensions of the 


bulb, presumably a variety of factors, it is an extremet 


ly difficult and complex matter to measure the per- 





formance of the pipe. 

A Well, we're talking about 
the example, at the centre there, and we're considering! 
the frost bulb, now to be a rigid body= I'm not “quite | 
sure where the complication arises. 

Q Well, what I’m really | 
Saying by this example is that isn't it possible that 
as the pipe is warped, as it will be under Bye. deet | 
heave, the warp -- not all the warping but much of the 


warping will concentrate on the weaker parts of the 


Soil jacket. 





A te dont think that’s 
fignt, Sit. 

Q Youwaon, © chink that's 
so? | 

A If you're telling me that 
most of the bending -- well -- 

Q isn"t that so? 

A =— are you saying most 


of the bending there would then take place in the 
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peat and not in the silt? 

Q No, I don't know enough : 
to make a choice. I'm simply saying that if there are; 
weaknesses in the soil cover, that the eressures of the 


warping may concentrate at those weaker points. 


A Yeah, maybe I'd like to 





retract my answer in not agreeing with you on that. 
I think that the tendency would be to have some of 
the bending occurring in the sofer material there, 


at the interface between the softer and the stronger 





material. 

THE COMMISSIONER: Which is 
the soffer and which is the stronger? 

A The peat is the softer, 
Sixty e 

MR. «SCOTT: Q.Wells»now,.»1 
take it that that kind of phenomena is likely, to occur 
at any location where there is a difference in he Sed 
the performance qualities of the soil, the frozen 
Soil around the pipe. 

A It's possible that there 
are differences going to occur; whether they are 
going to rupture the pipe or not is another question. 

Q But if those differences 
occur, isn't it so that the warping will concentrate 
at the weaker areas? 


A Could I have one second, 





please? 


0 Yes, by all means. 
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A Could I pass that question 
Over to Dr. Morgenstern? 
Q By all means. He's been 
grabbing for the microphone for about 15 minutes now. 
WITNESS MORGENSTERN: If I 


could try and translate the concern. A non-uniform 


heave of the pipe will generate a non-uniform stress 





in the frozen soil. Was that the concern? 

Q f’*think *that.'s *the 
concern. Thank you. That's all right. 

A Could you then go on? 

Q That the warp will con- 
centrate in the place of weakness. 

A The frozen soil is 
Significantly stronger than the unfrozen soil below, 
so that if you're concerned about excessive deforma- 
tion developing in this frozen encasement around the 


pipe, it would be limited by the yielding below in the 





unfrozen soil. If the local stresses become large, | 
they could only be limited by the capacity of the 
unfrozen soil to transmit them. Therefore this would 
not contribute to aggravating the kending of the pipe. 

Q So that the analogy of 
the pencil that I posed, are you Saying that the 
analogy of the pencil, imperfect as it may be, doesn't 
apply;-.the pencil would have to be surrounded with 
unfrozen soil to make it -- 

A To interact. “fhe total 


interaction is not simply one of frozen soil and pipe. 
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Hardy ,Williams 


Cross-Exam by Scott 


It's unfrozen soil, frozen SOi lb, sand pipe, 





Q Wells, 1 take. it first of 


all that the phenomena that I've attempted to describe 


is likely to occur, the concentration of the pressures. 

A Non-uniform distribution | 
Of stress leading to intensification locally is cert- : 
ainly a possibility. | 

Q Yes, and do you say that 
no problem is associated with that because of the 
presence of surrounding soils? 

A Yess 

Q Weil now, Dr. Slusarchuk, | 
did you have any criteria from which you can describe 
the degree of frost susceptibility of various soils | 


along the route? : 





WITNESS SLUSARCHUK: Our 





interest in frost heaving is to predict the rate of 





frost heave, and our criteria -- the way we describe 
frost-susceptibility would be to Put sour rate of 
heave on, for example when you're talking about 
quantifying it, the rate of heave that we would get 
Over some period of time, that is the function of 
Overburden pressure. 

Q Well, in, your volume 
results from frost effects study, at page 56, para- 
graph 3.6.6.2, entitled: 


"Frost susceptibility classification of 








Calgary silt" 


there is implied, at least, as we read it, the existenc 
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Slusarchuk ,Morgenstern,Cooper 
Hardy,Williams 


Cross-Exam by Scott | 
| 


as we read it, of criteria against which the classifica- 
tion will be made. | 
MR. GENEST: Would w friend | 
read that portion of the report from which he draws that 
implication? 
MR. SCOTT: Yes. 
"Tests were carried out," 
and I'm reading, 
"Tests were carried out to classity the frost | 
Susceptibility of Calgary silt according to 
the T.R.R.L. frost susceptibility classification. 


This classification was then compared with the 





results of the frost effects testing program. 
Following the procedures set out by Sutherland & 
Gaskin in 1973, two tests were carried’ out on 
Calgary silt samples, one remoulded and one 
undisturbed." 

Pm sorry, Dr. Slusarchuk, have you not got the page? 


A No, I've got it, I'm | 





waiting for the question. I have it sir, yes. 

Q Well, do you have a 
criteria from which you can describe the degree of 
frost susceptibility of soil deposits along the route? 

A This -- there have been 
traditional frost susceptibility classifications and 
we use one and we refer to one there. 

Q Thats tnemtere nk. ls? 

A Yes "Sin. 


Q Yes. 
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Cross-Exam by Scott 


A And there's a -- in the 
next paragraph we also refer to one from the cold 


regions Research & Engineering Laboratories, the two 


that are fairly standard use. Thse have been pace 


for guidance with regard to developing -- with regard | 
| 


to designing frost heaving for roadways and air strips, | 
in other words a classification -- a frost susceptibility 


Classification developed for low overburden pressures. |i 


Q Well I -- 





A Can I finish, please? 
Q Yes. 
A We were aware of these 


tests, of course,and in order to have a tie-in with the. 
body of data of frost Susceptibility in the literature 
we ran two samples of our Calgary silt from our field 
test facility in order to ensure ourselves and to 
demonstrate to people with knowledge in these standard 
frost susceptibility tests that that soil was indeed 


frost susceptible. We then carried it on farther and 





used the overburden pressure as another parameter and | 
what we have shown, for example, the standard classifi-| 
cations would say that the Calgary silt soil was highly 
frost susceptible, we know that if we just put a couple 
of thousand points per square foot on that same soil 

we won't get any ice lensing at all, and therefore 

it has to be classified as non-frost-susceptible. So 

if you don't bring in the overburden pressure concept 
into classification, from our pomnt loft view itris 


| 


not applicable. This was simply a tie-in from our 
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Hardy ,Williams 

l CYrOSss=ixam by Scott 

5) work to previous work that was done. Classific ations 

3 do not apply to our particular conditions. 

4 Q Well Wal) take titthe 

5 criteria is in fact the T.R.R.L. frost susceptibility 

6 | ehassiticabl ofcuntcl hae! correct? 

| 

7 | A That was the one that we | 
8 referred to here and in the next paragraph we also refer 
9 to the C.R.R.E.L. the CRREL the Cold Regions, there | 
10 are two separate tests. 
ll Q Well, those I understand 
12 that both of those are traditional tests. | 
13 A Yes sir. 
14 Q And WseVait ‘correct that 

15 both of them -- what is the basis of both of them? | 
16 |! A They freeze a small | 
Nee sample of soil, four inches in diameter, six inches | 
18 high, and they put a certain temperature at the surface! 
19 and a certain temperature at the base, and they measure 
20 the heave over a period of 250 hours, and the amount 
et of that heave they have a classification, they go over 
ee and see if it heaves so many centimeters, it's 

23 highly frost-susceptible or non-frost susceptible. 
24 Te main point here is that 

25 they do it at practically no overburden pressure, where 
26. the rates of heave are extremely high. | 
27 QO Yes. Well now, within 
28) the context of those two criteria established by those | 
29 classifications, what are traditionally considered 

30 to be the frost-susceptible soils? 











| Wy 7 
enol t6 9itiges so ono par sro Guokwex 03 x1ow 
anotjibady wiuoidasq swe of yiaqs gon ob 
ait 32 cooled T thew) Dw aeviabs ebie. 
yiilidisqsceve teovk, 1.8.8.2 oft dost mt al sizestro 
sg gyiettod Seedy er -otssoltisesfo 




























ow 2tads eno ats ssw tent a . sue >"-4 
etsy o8ls ew dgqewpe veg: txem edd mi bos ex9r of borrstet 48 
o1edt .enobpet bio eet TIM oft 1.7.7.9 aft oF 
.etest sieisgs2 ows O16 

bnaserebau 1 seode \ DieW 9 | . it 
eieod Lntetsteexd sis e2odd to rtod gad3 | 

tie esy A | 

tans goorion gb at baA Q : ¢ ig ion 
cmordd Yo dead lo Abesd oft et tadw == sted? to od . pel 
Lisme 2 ssesrt you? A : av om 
eaioné wie \yetemmib at sasioad av0d ,fios: to siqmse 
engi tue bila te studsieamed nisdzep s duq yedd bus: «iteta 
avressm Youd ban ,oesd od% 38 euptereqnet niedzes & Sas 
| srugms af bas , zauod G25 to batusq *& xovo. svssrt-ond 
savo op yous ,.cobteoliieesioa s eved yors svaed tedz To 
z'td , exajenitnes yen oF esvaod ai3t 992° brs 
sldizgecene tnQrt-aom. 0 ofditqeoewe-deorts vite iat 

tsa nb exed gatog atam of ee er ee 
sisfiw ,ovgaesiq appbuudtevo oc ylisotzosng Ga 2k ory, 


| 
| 





; 

| -giaite Gee 7d Gee D 6 en 
| 

| seors yd bedetidsteo siassino ows eaad? 20°39 
| berebienon ylisnoksibsxs sas 





ALLWEST REPORTING L-TO. 3190 
BURNABY 2, B.C. 


Clark,Hollingshead,McRoberts, 
Slusarchuk ,Morgenstern,Cooper..| 
Hardy ,Williams 
1 Cross-Exam by Scott 
2 A I think most people would 
3 | Consider silty soils in the area highly frost-susceptible. 
4 Q Yes. Well, can you give 


5 me sort of a ranking of a variety of soil types that | 


6 | are commonly found in the Mackenzie Valley? 





fi4 A In an unfrozen area we 


8 | have -- 





9 Q i ‘take: it thats the most 





10 Susceptible is silt, is it, generally speaking? 





1) A ThatYestaccordingtes those’ 
12 | traditional ones, yes. 


¥3 Q All right, 
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Q Now, where do we go after 
Silt? 

A Well you can go both ways. | 
You go over to a finer grained soil such as clay, and | 
they're generally rated as not so highly frost 
Susceptible. We could go the other way to the sands, | 

the grain size of the silts being in between the sands | 

| and the clay and then on into gravels, that would be 
| _ not frost susceptible. 
Q Well for a layman like me, 


and utilizing the traditional classification technique ,| 





A M'hmm, 


Q =—MI take Vit Fthat the +con= 





cept at issue here is the spacing between the grains, 


and the grain size? . | 





A Grain size, yes. 


Q So that you have sand at 





one end and clay at the other? 





A Yes, 

Q Not at the ultimate ends, | 
but -- 

A Righe: I understand your 
analogy, sir. 

Q Yes “and ‘sand'tis'*gqranular, 


| it has larger grains and more spaces between it, as 


opposed to clay which has tinier grains and therefore 








smaller spaces between them, and silt is a nice 
compromise between the two? 


A Yess. six. 
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Q And silt, because of -- 
and in that range,sand, silt and clay, according to 
the traditional tests, silt. is regarded as being the 
most frost susceptible? 

A Yes, sir. 

Q Yes.2.4i Well inow, 1s Zt not 
possible that other soils like clay at one end, which 
are normally regarded as less frost susceptible,are 


in fact frost susceptible over the long term? 


A Yes, sir. 

fe) Nowa =— 

A We have said that, sir, in 
our application. 

Q I'm not gquarrelling with 


Vere i'm just asking if thatisivourr view. 

a Okay. That's true, yes. 

Q And I take it it therefore 
follows that significant heaving over the long term 
Can, pccuriiins clay soils? 

A It's possible. 


Q Well now, is-the rate of 


freezing of a frost susceptible soil an important con- 


sideration from the point of view of the formation 
of ice lenses? 


A In some instances it is, 


yes. 


The rate of freezing around our 


pipeline is pretty constant, and I presume you are 
relating your question to our pipeline. 


Q Well let's take the rate 


Slusarchuk, Morgenstern, Cooper, — 
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Hardy, Williams 

Cr. Exam, by Scott 

of freezing first and then we will get to your pipe- 
line. 

I take it as a general principle, 
the rate of freezing may have impact on the extent to 
which ice lenses are formed? 

A VeSesS iE 

Q Yes. And I -- does it also 
follow fromithat, leave aside your particular pipeline 
for the moment, does it also follow from that that | 
different rates of freeing in somebody else's pipeline, 
could affect differential heave? | 


A The different rates of 





freezing can affect differential rates of heave, is 
that the question? 

Q Could different rates of 
freezing enhance differential heave? . 

A In some cases it coud 
possibly enhance it, and in other cases it would pro- 
bably reduce it. 

Q Bucy take i1e'that what: it 
will do is it will affect differential heave one way 
or the other? 

A It could, sir, yes. | 

Q Well now, is it possible 
that varying gas temperatures in the pipeline, assume 
they vary, that varying gas temperatures could affect 
the rate of freezing at the bulb? 

A APEryOuUSvarying it from at] 
one point in the pipeline from year to year, or are 


you varying it along the pipeline? 
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l Q im.) Varying it along the 
2 Pipeline, for the moment. 
31 A And the question again then, 
4 was? 
5 Q And the question is, could 
6 | a variety of temperatures within the pipeline affect 
+] the rate of freezing? 
3 A Yes, sir, that -- the temper- 
9 ature of the pipe fects the rate of freezing. | 
| Q Yes, and therefore I take | 
ll it that a variety of temperatures, if such existed, | 
1p could affect the question of differential heave? | 
13 A Well, the temperature along. 
14 | the pipeline, this is what you're asking me to con- 
“15 Sider, does not change hardly at all over a short 
shall length. ' | 
17 Q Well I understand that 
| 
18 1 that is the company's answer to the problem, but I | 
19 just want to get the problem first, and I take it 
20 that if you assume the situation in which the gas 
oaih temperature varies at various sections of the line, 
oD that may affect the rate of freezing? 
23 A If the temperature varies, 
pa it affects the rate of freezing, yes. 
25 Q And the rate of freezing | 
D366 affects, or enhances the differential heave? | 
27 A It affects -- it can -- | 
ao It alters -- 





Q 
29 A Yes. 
Q 


30 -- the rate or the extent 
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i of differential heave? 

. A Yes ;*it=can do that. 

4 Q Could you prove for us, 

4 just as a sample, to be commented on later, a range 

6 of typical cut-off pressures, related to the, in terms 
6 | of the depth of overburden? 

7 A I believe -- 

8 Q Let's take silt of some 

9 Kind, first. 

10 A The silts that we have been 
ll measuring, their cut-off pressure has been somewhere 

5 & in the order of a couple of thousand pounds per square | 
13 feet. 
14 Q Well is that approximately 
15 2,000 pounds per square feet? Let's take that. How 

16 many feet of overburden is that? 
ay A It would depend on where ! 
18 the water table is, sir, but it could vary from say 
19 20 feet to 40 feet. 
20 Q Well now, what about other 
an typical soils on the route apart from silt? 
We. A The sands and finer sands, | 
23 the silty sands, would have a cut-offfpressure, we 
24 have measured a couple somewheres in the neighbourhood | 
25 of about 500 pounds per square foot. 

26 | Q Equa llto how many feet of 
37 overburden? 
48 A Five to ten feet, sir. 
29 Q What about clays? 

30 A Clays. We have found that 
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their cut-off pressures are a little bit higher, up 
around 3,000 pounds per square foot. 

Q And how many feet of over- 
burden would that represent,typically? 

A tharty, Cope tty feet .for | 
example, 

THE COMMISSIONER: Excuse me. 
Thirty to fifty feet of overburden? 

A Yesysir:,. Yesssir,,3,,000 


pounds per square foot is -- thats the sort of stress | 
level you would) find; thirty to.fifty feet_beneath | 


the ground. 


os MR. GENEST: That is for shut- 
off pressure? | 
MR. S€OTH:. If is,an equivalent 
table, isn't it? You're giving us the pounds per 
square foot,and then telling us what that equals 
roughly in terms of overburden? 
A VieS..4 Si Te 
THE COMMISSIONER: Well, so I 
don't lose the thread of this, is there any relation- 
ship between that figure required and the distance 
between the top of the pipe and ne surface of the 
earth or the surface of the berm? The upper surface? 


A You could -- the weight | 


of the pipe is not really contributing very much to 





the situation,sir. Is that your question? Are you 
asking if the weight of the pipe -- 


Q No. 
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A What -- could you give us 
the question again, sir? 

Ce erotic giee = Therby to fifty 
feet of overburden is needed in a particular Kind, of 
soil that Mr. Scott described, to putTanwend to trost 
heave, 

A Yes sir. By the overburden 
like what he's asked me to translate is what the 
cut-off pressure was, and I told him what that was, 
and I have translated that -- 

0) Now cutoff pressure means 


what is neededto put ve into frost heave: 


} 
| 
| 


7 





A Ves, Sir; 
Q Or to lensing. 
A To the lensing. 
Q 2omche=nensing,, all right. 
i A And -- | 
Q To put and end to the soaks 


uing formation of the ice bulb, the frost bulb? 

A No Sir, "the frost "bulb is 
still going to keep going, excepthit's not going to 
suck in water from the unfrozen ground -- 

@) Yes, all right. 

A -- and freeze lenses. 

And if you want the stress level in the soil equivalen 
to 3,000 pounds per square foot, it would be something 
Similar to what you'd find between 30 and 50 feet 
beneath the ground surface. 

Now, we just -- just a hundred 


pounds per square foot of soil times 30 feet equals 
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3,000 pounds per square foot. That's the only calcul- 


ation I'm doing here, 

THE COMMISSIONER: Okay. | 

MR. SCOTT: Gan I -- Mr. 
Commissioner, it might be that if I put the point I 
was making a little more directly, it would be under- 
stood. 

Q Eetake Pt,.Dr. ;Slusarchuk, 
that it's your analysis that the -- that when the 
cut-off pressure is achieved, lensing under the bulb 


effectively terminates? 





A Yes, Sit. 


Q Yes. And therefore, the 
thing that makes the bulb heave, the presence of the | 
lens , ceases to develop? 

A Yes pesins . 

Q fespesAnd sthabathé «cutoff | 
pressure can be measured in terms of earth above the 


point? 





A It can be measured in terms 
of pounds per square foot, which then can be trans- 
lated into depths beneath the ground surface, yes. 

Q And wat you are telling 
me, as I understand it, is that in Ee you've got | 
silt and you want to prevent the lensing, you've got 
to put, let us say roughly, either 2,000 pounds of 
pressure on that surface, or you have to have 20 to 
40 feet of silt on topsof the.lensing area? 

A On top of the lensing 


area, that"s correct,. yes. 
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A That doesn't mean we are 


building a surcharge of 50 to 100 feet. 


Q Onyq0,, noe 

a Okay. 

MR.GENEST: Does my -- would my 
friend object, I just -- I may be getting the wrong 


impression. Where is it measured from? Is it from 


the bottom of the ice lens, or from the bottom of the 


frost bulb? 


MR. SGCODTPs«+ It's measured from 


the -- 


MR. GENEST: Or the top of the 


frost bulb, that's where I am confused. 


MR. - SCO? s 


Q tsn te ytheppoin ts ithiis, 





that 


your studies have shown that frost lensing, in silt 


for example, will not occur generally speaking, 
more than 20 to 40 feet down in the silt? 

A Yes, sir. 

Q Becase then you have 
to 40 feet of silt and lensing seems to stop? 

A Yes, Six. 

Q With that pressure. 


Now, the top of it, togclearert for Mr.) sGenest, 


be the surface of the ground, or it can be an over- 


burden? 
A Yes) Sir. 


Q The -- 


MR. GENEST: I was getting at | 


20 


can 





= 


ft iy : 5 


, 


 Agdeis fn ese 
ets ow nese J'neseb tecT 


on oro =) 
ak, ea (8¢. Ss mle ® eee 
ym bigow ~- ym 2900 ~ £P@ataD.AM: ) iy ie om 


pniorw edt peitter od gam I =~ test 2.308 do baeix 
‘cox? bexmesem df et eredW  .noleestomt 
asd %0 modded eft moxt 10 yensl sok fe) Io mosgod Siz 

© Sdiud teow 
aM’ Saas 


mar? 92 et 


mo22 bezygesom e*3I sTTOOS 


sit to qos adt 2O .:TARWa AM | 
.baantnon ms 1 stedws'ssad! <diod Seork 
2TTO3e8. aM | cs 
jsd+ ,abdt jnieg sax 7’ net 0 
(lie ni vpnianel teoxr? dens nwo ie evad eeibuta iw0y 
,biitseq® vilsvenep wmrs30 dou tie ,siamsxe xt 
S¢lia odd oni morefs test 08 oF OS osd? SiYOMm 
itbevg eoy A | 
OS eved voy nasht sgpood 9 a ; 
cqate oF arse parbened bus thie. fo Seek Ob od 
. pike on: ‘A | 
-otvenotg Jedd TW 0 Jee eae 


Lan 


ceo \daencd saxo? tH tesly of 4 20 Gow ond [WOR 


—isve Ne 44 feo ti to \Sagotp ody to eomtavel silt od 
ne . 30am 
aia LA orate 

—sfT 9 | 


de patztop mew I + TemvaD. aM 


aimee orien Te 

























“a 
g 


“Rae 


= 


88 2B) 


=e 4 
@ 





3200. 


KeUWEET REPORTING LAD. Clark, Hollingshead, McRoberts, 
PRIDARY 248i Slusarchuk, Moggenstern, Cooper, | 


Hardy, Williams 
Crieqgbxamen by; Scott 




















of the bottom, Mr. Scott. I just don't want there to be 

> any confusion between the level of the pipe and the 

3 lower level of the frost bulb. 

4 MR wo SCOTT: abiim not tabkkingoabout 

5 the pipe at all now. I'm just talking generally. | 
6 | Q ivtake {iat canother way iof 

7| expressing that 20 to 40 feet, is to measure it in 

8 terms of weight? 

9 A Well, -- | 
10 Q 2,000 pounds. 

cin) A Weight is, you know, | 
12 stress sir. Pounds per square foot. | 
i3 Q Yes’. 

14 A Al Weri ght. : 
£5 Q Adelerright. wiWelds now ~ithat 
16 has led you to conclude that if you can calculate 
17 the overburden that you can then apply a pressure or 
18 a depth that will terminate lensing? | 
49 A Yesy. six; 
20 Q And that's the whole key 
21 to the depth of burial principle, or the berm Paes oi 
22 A It's not the whole key, | 
23 Six. . 
24 Q Well a substantial key? 
| 

25 | A Yes, but it's important | 
26.| how fast, how the overburden reduces the rate of heave | 
rN, while it's getting down to the cut-off pressure. | 
28 | 
29 

30 
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Q Well then, what -- 

A You see what { 
we are worried about, we worried about the amount of 
heave that's going to happen to the pipe, and it's 
important to know how the heaving is occurring prior 
to coming to a stress level of the cut-off pressure. 

Q But wouldn't you agree | 
with me that that principle that the cut-off pressure 
Can be obtained by weight or depth in any given soil, | 
is one of the central principles upon which your 
solution to the frost-heaving problem depends? | 

A Yes ‘sir. | 

Q Yes. Well now, I take it | 
that that determination has been made at the Calgary | 
test-site and in your analysis of the probdem with the | 
box models that you earlier described. | 

A And mainly from our 
frost-heave tests on our 4-inch diameter undisturbed 
samples, sir, that we do in the lab. | 

THE COMMISSIONER: Well, I'm 
listening, anyway. 


MR. SCOTT: Q Well, the 





problem that concerns me is that we heard Dr. McKay 

in the overview, and he's also written a paper on this 
subject with which I'm sure you're familiar, in which 

he described segregated ice -- I think it's at Richards 
Island or near Tuktoyaktuk or somewhere up there -- 

at a depth of 140 feet. How could that occur if this 


principle applies? 
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Cross-Exam by Scott | 

A Well, -- 

Q BHirsteor.able could 1 
ask you, are you familiar with his paper? 

A NO? aatianOtC Wit hust hat 
particular paper, no sir. 

THE COMMISSIONER: Well, Dr. 
McKay was a witness here. There's no argument about 
his qualifications, I take it, Or is there? 

A There's no question about 
Dr. McKay's qualifications with regard to ground ice; 


I'm not sure he's a frost heave expert. 





MReWsCOTie Roludonlt. putahim 
forward on that basis. I put him forward first of all 
as an observer, and the reference to which I want to 
Make a= ipunderstand: it's notireally.caliled.a paper, 
it's called a memorandum of the geological survey of 
Canada,.-71-21. Are you familiar with that? | 

A Not straight away, sir. 
iamay ghave.read it once,.I.don't xrecall.it. 

Q Well, in that he says -- 
and my friend will criticize me if I read the 
abstract, he's talking about observations made in the 
Tuktoyaktuk Peninsula, and the abstract says -- I 
should read it because I take it it makes sense: 

"Icy sediments Were present occur with 
relatively constant frequency to a depth 


Of atheleast 1A0.feet." 





A Ice. what. .sir? 


Q 
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Clark ,Hollingshead,McRoberts 


Slusarchuk ,Morgenstern,Cooper | 
Hardy ,Williams 
GQoss-Exam by Scott 


"Icy sediments where present occur with 





relatively constant frequency to a depth 


of, at least .140,:feet;." 
Now are you familiar with the existence, according to 
Dr. McKay, of that observable phenomena? 
A LL .wnderstand that there 
is ice to those depths, yes sir. 


Q Well AwoOWw CoOlidathat 





phenomena occur and be rationalized with your principle! 
of cut-off pressures? | 
A I'm not -- 


WITNESS MORGENSTERN: Could I 





add a comment here? There are several processes 
that could account for it. One, of course it could be | 
part of the depositional history of the’ area that 
wasn't at that depth when the ground ice was formed. : 
But many of us feel, and I think, in fact I can cite | 
Dr. McKay here, as a person who has produced field 
data in support of the origin of massive ground ice 
beds at substantial depths that are the result of 
expulsion processes during freezing. When the pressure | 
on the freezing ground exceeds the cut-off pressure, 
the water instead of being sucked towards the freezing 
front is in fact expelled away from it, and it will 
then find a location in which to form certain sill 
like or tabular forms of ground ice. So that the 
further range of increasing overburden pressure also 


gives us mechanisms to provide segregated ground ice. 





I suggest that's one of the processes that we think 
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ee ee Clark ,Hollingshead,McRoberts, 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 
Cross-Exam by Scott | 
1 
é accounts for segregated ice at depth. | 
3 Q I teaker 2, sDre Morgenstern, 
: that without explanation the observations of Dr. McKay | 
2 require rationalization with the cut-off pressure 
6 | principle. 
7| A Yes. | 
; Q Without explanation the 
9 two can't stand together in any rational system, with- 
10 Out an explanation suc jh as you've given. 
11 A NES: 
ei Q Now, are there any other 
13 possible explanations, apart from the one you've given? 
14 A My observation of the | 
13 geological history, of course, Gaccountsifer.or at least | 
“4 embraces a complexity of geological environments, 
La erosion and depositional features leading to a | 
Ag complex stratigraphy. It really in itself takes into 
so account a Lot of conditions. 
ou (0) Well, what I'm concerned 
os about is apart from a hypothesis, of what assurance 
— is there that Dr. McKay's observations do not reveal 
te an inconsistency in the cut-off pressure theory? 
st A The cut-off pressure 
i theory has been explored over the range of heat fluxes, 
26+ sil conditions, that we're concerned with in the | 
et pipeline. The observations of Dr. McKay lend themselv¢s 
ae to several interpretations. I don't see an inconsis- 
te tency, we've obviously addressed this point, and while 
a we may not -- there isn't a general agreement today on 
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Si Clark,Hollingshead,McRoberts, | 
Slusarchuk ,Morgenstern,Cooper, 
Hardy,Williams 
i Cross-Exam by Scott 
1 
2) the origin of these massive ground ice beds which | 
3 we find around Tuktoyaktuk. There is some fascination 
4 but I think it's explained in terms of expulsion process, 
4 Pov | 
5 that's my view. Others may hold a different view. 
| 
ot Q But there are other 
7 theories for their existence. 
8 A there are many, and | 
9 it takes a great deal of local geological data to begin| 
10 to decipher them 
ae Q What I'm concerned about 
2 : 
le 1s what assurance can we have that they are not a 
13 Phenomena that is inconsistent with the cut-off pressute 
14 theory over let us say, a 150-year winter? | 
15 
A Our assurance. 
16 | Q Well, on such matters, 
we great communications industries have been built; but | 
18 Toe 
19 ‘ 
A PoLinie to pursue at 
oe further. One would have to become more Site-specific 
si and discuss stratigraphy and look at the peculiarities 
22 ‘ : 
of the ice features. We certainly addressed the ques- 
23 


tion that segregated ice is found at greater depths 
than one would infer from just putting a shut-off 


pressure on at the outset of a geological process, 





26% : 
in all of the cases we've looked at we think can be | 
27 : ‘ 
accounte d for by expulsion process, we think it's a 
28 , : 
very important feature in the development of segregated 
29 : eee 
ground ice and by complexities of ground surfaces and | 
30 : 
freezing programs. 
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Slusarchuk ,Morgenstern, Cooper 
Hardy ,Williams 


Cross-Exam by Scott 


Q So according to chats 
is it so that if the bulb were 100 feet over many 
years, no doubt, that ice lensing would occur at the | 
bottom of the bulb? 

A ie che bulb were 100 
feet deep in the sense of the pressure exceeds the 
Cut-off pressure? 

Q Yes. 


A Then it would begin 





to push water away from it, and there wouldn't be 
lensing beside the bulb but you'd be getting some 
accumulation -- well, the snow, of course, elsewhere. 
Q there would be no lensing, 
you say -- | 


A Beneath the bulb. 





Q ves: 

A It would be expelling 
Watennfrom.«i ty. 

Q Ish emt. true’ that with 


respect to this theory and this pipeline, the analysis 
has all been done with -- by tests at the test-sites 
and in the laboratories? 

WITNESS SLUSARCHUK: This is 
not to just the overall cut-off pressure concept and 
the effect of overburden on the rate of heave. The 
Polar Region Research Emineering Laboratories, they 


carried out pretty extensive studies oOnecivat, in 





Alaska several years ago where they actually surcharged 


the ground surface at different overburden pressures 
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Bennel & Capler did a similar thing previous to that, 











Clark,Hollingshead,McRoberts 

Slusarchuk ,Morgenstern,Cooper 

Hardy ,Williams 

Cross-Exam by Scott 
and measured the rates of heave there, and this ash I 
think, back in 1964. 

Q Yes; fbutrasniiteitvso 
that all the testing that has been done has been done 
over'a 1, or 2, or 3-yearAperiod? 

A Our testing has been, but! 
there are other people's data available like Aikin, 
the fellow that wrote that up, I think that was in 66, 
and the phenomenon of overburden pressure reducing | 


the rate of heave has been known since as far back as 


about 1930. 


Q What was the period of 
their tests? 

A How do you mean "the 
period"? | 

Q The period of time over 


which they made observations? 
A icant give that “to you 
T19ght now, six. 
Q iE puts ie fo vou that the 4 
thing about what's been observed at Tuktoyaktuk is that 
it's had many, many years potentially, it's had many, 


many years to develop. 





A Hundreds of years. 

Q Yes, and what is being 
described for us here is what will occur in a relative- 
ly short span, four to six years, or ten yars. What 


assurance have we that -- apart from what Dr. 
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Clark ,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 
CroSszExamvbysS¢cott 


{ 


Morgenstern has said about other explanations, what 
assurance have we that over a long period of time 
it may not be shown that the cut-off pressure over a 


constant winter doesn't act the way you think it will? 





A Well, we've done numerous 
tests on different types of soils in the field, and 
from the Calgary test-site in our 4-inch undisturbed 
Samples to get their frost-heaving characteristics. 


We have done a number of tests on our model box with 


regard to overburden pressure, and with no overburden 
pressure. We have had four different test-sites, 

test sections out at our test-site and we have not 
noticed any inconsistency in any of the work that 
we've done there that can't be explained by our | 
basic philosophies or our design concepts. We think | 


that our concepts are rational, and that we have shown 





them to in fact be applicable, and other than running 


| 
| 
something for six years, I'm not sure how you can | 
answer your question. | 
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Clerk, Hollingshead, McRoberts, 
Slusarchuk, Morgenstern, Cooper, 


Cr. fExam. tby Scott 


Q Well now earlier when you 


were at the: chart, you were referring to monitoring 





procedures that would be carried out following the 
ponetruetion: Could you outline for us, the monitoring 
procedures or the control procedures that in your 
judgment are necessary? To deal with potential | 
heaving? | 

A We haven't decided on a 
final method at the moment, but there are several 


methods available to us. One method would be a method 


Similar to what we are using at the field test site. 


Have riser rods come from the pipe up above the ground 
surface, and we would simply take elevations 

on those riser rods, and it would give us an indication 
of what the pipe is doing. 

Q Yes. That's sert of asur- | 
veying technique, is it? 

| A LES; Sir. 

Q And what intervals would 
you anticipate it might be wise to go into the pipe 
and do this? 

A Well to Le tered you would 
want to do it every, I know, every two or three Renee 
something like that, but all your action or most of 
your action is taking place irlthe first few years, so 
after three or four years, you would be pretty sure 
of what was happening, and as time went along, you 
wouldn't do it as often, quite clearly. 

Q Have you given any consider- 


ation to using a pig that goes dowr|the pipe? 
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Clark, Hollingshead, McRobereae 
Slusarchuk, Morgenstern, Cooper, 
Hardy, Williams 
Cr. Exam. by Scott 


or do you know? 


decision on 


that we are 


A Yeo. Siy., 
Q Are you going to do that, 
A We haven't made a final 


that, sir, but it is one of the things 
considering. 


0) Are there other techniques 


of monitoring that are underconsideration? 


at some geophysical methods. 


physical methods? I'm not clear what that means. 


A We are tentatively looking 


| 
Q What do you mean by geo- | 
| 
| 
| 


A Similar to what Dr. Morgen-_ 


stern described previously, with running a piece of 


equipment along the line and perhaps -- 


of one sort 
like for an 
ism or the 


ties of the 


is going to 


Q Is this on top of the line?_ 
A On top of the ground, sir. 
OQ , On,top jof the ground, or | 
A You would send out signals 





or another that would be perhaps based on, 
example, based on the difference in magnet-+ 
properties of the steel versus the proper- | 
stems | 


Q Is there any time table 


take place? Perhaps that is for Dr. 


Clark, I don't know. 


| 
| 
| 
| 
during which we may expect to know how the monitoring | 
| 
| 


WITNESS CLARK: 


A I would suggest that that 
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Hardy, Williams 

Cr. Exam. by Scott 
decision would be made about the time that we would | 
produce our design manual. The geophysical application 
is being explored now, but I'm sure that some of your | 
advisors could tell you how rapidly the technology is 
developing in that area. | 

It is under consideration now as 
a technique along with the others that Dr. Slusarchuk 
has mentioned. 

O PRespoint *that I tm coneeiied 
about is that obviously some of the observational 


techniques require travel at regular intervals, of 


persons along the line and others don't. I wonder when 





we May expect to have some assurance whether the first. 
alternative is a possibility or whether it's not? 


A Thats *aboutlthe-time “that 


‘ 


we would have our design manuals, part of ,final 
design -- 
| 
Q I see. ! 
decision 
A -- that we would make that/ 
Q And I take it, Dr. Slusar- 


will call unanticipated heave , the remedy is going 


chuk, when in this monitoring process you findwhat I 
to be overburden, is it? | 


WITNESS SLUSARCHUK: | 


A That's one of our remedies, 


yes. | 





Q Are you at that stage 
going to regard the other three potential remedies, | 
that is a deeper cut, changing the soil or twinning, | 


as possible remedies? 
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Cx. Exam. by, Scott 


A We wouldn't go in and bury 
the pipe deeper, and what was your other -- 

0) Well, they're your remedies, 
not mine. The other is twinning, and alternating the 
gas. You're obviously not going to do that, I take it, 


as part of the monitoring process? 


A Not as part of the monitor- | 
ing process -- 

Q Well as part of the repair 
process? | 

A If, for example, we were | 


monitoring the frost heave at a river crossing, and 


we sawthat the heave was such that it was starting to 
become unacceptable, then you can't surcharge quite 
clearly. The -- you could think about putting down 
steam points, for example. We are just talking about | 


places where there are no twins, now. 


Q wes. 
A No twin lines. 
You could thaw out some of the soil underneath it, 
or you might be forced to build another line. 
Q So, would it be correct to 


say that when the monitoring process is underway, the 





remedies that in practical terms are going to be | 
available to you at that stage, are perhaps at water | 
crossings, twinning if necessary in the first place, | 
in the second place increaing the overburden -- are 
you going to consider utilizing changing the -- | 
removing the frost susceptible soil? 


A No; Siz, £2 dont) believe we 
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l would. 
2 Q So would it be correct to 
3 Say that when you come to monitoring and repair, | 
4 it's therngoing to be too late to bury deeper as a | 
5 remedy or to change the soil as a remedy? | 
6 WITNESS CLARK: | 
a) A No, the soil could be 
8 changed by rapidly freezing. You could go in and | 
9 artifically freeze the soil to increase the effective | 
10 overburden pressure at the frost bulb. In other | 
22 words, instead of three years or five years, the 
12 freezing could take place over a matter of days. | 
23 Q In that monitoring nEonee en 
14 is it conceivable that the pipe could ever get out of 
15 the ground? : 
re WITNESSSLUSARCHUK : 
iz A No, that is our second 
18 guideline, sir, that the total heave of the pipe is | 
19 limited to movement equivalent to coming up to about | 
20 one foot beneath the ground surface. 
21 8) Well what I'm getting at 
22 is; that. 10.or 5 years from now, am I going to read 
23 somewhere in the paper that a plane has gone in | 
24 because a hunkbf the pipe appeared above the | 
25 ground? 
26, MR. GENEST: You'll hear about | 
27 it at this hearing. 
28 MR Od Ls | 
29 Q Ls. that) aurigit2 
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Cr. Exam. by Scott 


WITNESS CLARK: 
A We don't see that that is 
a Pek noe 


Q Well now, one other sub- 


Stantial subject, you presently propose to refrigerate 
the pipe right down to the Alberta border. First of 
all, how did you decide on that limit? In terms of 
map making it's convenient, but how did you decide to 
stop there, rather than further north? 

A I think that earlier on in | 
the cross-examination by Mr. Templeton, we rationalized 
that it was very clear that we Carry it down to the | 
discontinuous zone frozen. 

Q So there's no doubt about 
that, and that would end at about Willowlake, would 
it? ; | 

A About the Willowlake River, 
where we get into the discontinuous, the frozen part, | 
the part that is mostly frozen, beyond there there is | 
an area where it is not entirely critical as towhere 
you stop it. We figure we have picked the optimum 
point to stop it, where the frost heave that would 
occur within that area could be tolerated, and beyond 
that area, the settlement that would accompany the 
degradation of the permafrost could be tolerated. 

QO Fees obvious, is it not, 
Dr. Clark, that the further south you get from Willow- 
lake, the greater the proportion of unfrozen soil? 

A That's *rionre, 


Q Yes, and I take it that 
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Slusarchuk, Morgenstern, Cooper, 
Hardy, Williams ; 
Cr. Exam. by Scott 


the proportion of ice rich soil in those frozen areas, | 


also lessens markedly? 
A It lessens, yes. 
Q What I am concerned about 


is that it seems to me that when you are south of 
Willowlake, you are confronted with a relatively modest 
proportion of frozen soils, and a relatively modest 
proportion within that, of ice rich soils? 

A Yes, there's some ice rich 


soils there, yes. 


Q And that what you are 
doing, therefore, is you are running the risks of 
frost heave to protect a relatively modest proportion 
of permafrost? 

A No, we don't see the frost 
heave as a risk. We see it as a controllable phenomena 
that would be to our advantagelto deal with frost heave, 
as opposed to thaw settlement in that case. | 

| 

Q Well let me put this 
Situation to you, that when you get south of | 
Willowlake, there are areas of permafrost. 

A VESie 

Q They decrease in volume as | 


you get down to the border? In proportion to unfrozen 


soil? 





A Yes. 

Q And where they exist, I 
suggest to you that the temperatures of the permafrost. 
are very close to 32 degrees as we used to call it? 


| 
A Yes. | 
| 
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Q You mights havet 3198seclss, 
marginally at the freezing point? 

A ves? | 

Q Yes. Well now, the first | 
thing you are going to do when you build this pipeline, 
is you are going to cut down all the trees and take up /| 
most of the vegetation? 

A We wouldn't be taking up 
the vegetation. 

Q Well, you will be cutting 
down the trees along the route? 


A The trees will be cleared. 





@) And then you're going to 
dig the trench and put in the pipeline and bury it? 

A Thats tcorrect. 

Q Yes. And you're not going 
to begin to chill it until two and a half or three | 
years from the commencement of the meration has passed? 

A That varies with the 
construction. 

Q Well, you're not going to 
-- it's going to be at least two years, isn't it? 

A Yes, that's correct. 

Q All right. Well now, I 
put it to you, if the temperature is so marginally 
close to the freedng line, that before you begin to | 
chill, that permafrost is going to move from 31.8 to 
SPA es 

A Some of it will, yes. 


Q And that in the very 
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Hardy, Williams 
Cr. Exam. by Scott 


process of building your line, you will be forced to 
5712k, least; ong the. route, to destroy the frozen soil? 

A It wouldn't be destroyed, 
it would be thawed. 

Q It will be thawed,so that 
the proportion of permafrost that exists there now, 
will be substantially reduced after construction, but 
before freezing? 

A PecOD.L thinks it would, be 
substantially. Our thermal analysis that we have 
done doesn't support that conclusion. 


Q Well let me put this 


proposition to you. I take it that your only interest | 


in freezing the pipe is because of the environmental 


concern? 

A That's predominantly the 
interest, yes. 

Q Is there any other interest? 

A We feel that it's a more 
secure pipeline. 

Q Cold than hot? 

A In permafrost. 

Q OR in terms OfSintegri ty? 

A Yes, 

Q 266s @ eGk Lt could be 


demons tratedto you that the construction procedures 
would markedly reduce on the right-of-way the amount 
of permafrost, would you be preparedto recommend to 
your client that the chilling point should be moved 


further north? 
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1 A I would see as our responsi- 


2 bility to, in final design, to optimize this pipeline, 


3 and if there was a distinct advantage to moving the 
4 Chilling point farther north, we would not be ul fides 
5 ing our professional responsibilities if we didn’t | 
6 | recommend that. 


i However, our assessment is at 





8 this time, is that there is no distinct advantage. 


9 Q Has your assessment, your 





10 geothermal analysis taken account of the effect of 
Lt cutting trees on the line? 


i2 A It is certainly my under- 


a3 standing that it has. 
14 Q Has it taken account of 


15 | ditching and the year and a half of construction? | 





16 A Yes. ‘ | 
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Clark ,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 

Cross-Exam by Scott 


Q Is the geothermal analysis 


and the prediction of temperatures a prediction after 
two years of cutting trees and digging soil? 


A Yes. 


| 


| 


Q Just so I'll be perfectly | 
| 


Clear, do I understand that the only issue in chilling 
as far as you are concerned is - - has to do with the 
integrity of the pipe and the environmental impact. 

A That's correct. 

Q And I take it that you 
have made a recommendation to your client on the basis 
of the material that you've shown us, as to where the 
chistiing Should’ step. 

A Yes, that's correct. 

Q And are you aware that 
your client has had any reservations about acting on 
your recommendation? 

A I'm not aware of any. 

I think I mentioned when talking with Mr. Templeton 
that there “is this ‘grey area, it could be one way or 
the other. It's hard to be precise to a point, and 

we did want to keep some options open in fixing that 


last’ ‘point of ichilling. 


Q I take it that's particular 


true, isn't it, because of the Fort Simpson route 
change where there are a limited number of bore holes, 
and your knowledge of the temperatures in the routes 


is much less. 


A We have less knowledge of 
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CrossExam by Scott 

- 

2 | the actual temperature from measurements which we have 

3 made, however we have made an assessment of the Bienti- | 
4 ties of frozen’soil in) that route. 

5 Q But just so we'll put | 
6 | this issue aside, do I understand you to say that there 
7) is no economic consideration whatever in Che Prin gror | 
8 non-chilling? | 
9 A Oh, I think there have | 
10 been substantial economic considerations on Chilling: | 
2 Q Acting on your recommen- | 
12 dation ? | 
se A The economic analysis / 
14 | would be made by the people who are doing the flow : 
-S studies. | 
16 | Q But that's net Northern | 
17 Engineering. | 
18 A No. | 
19 Q Well then, what I'm —_ 
20 ing at is there another factor here which has played | 
22 in your recommendation as to the chilling cut-off | 
22 point, namely an economic factor? 
23 : A The economic factor would 
24 relate to the protection of the environment and the | 
25 | ensuring the security of the line. In other words, 
26«| we feel that the costs associated with inhibiting | 
27 frost heave burying deeper are not very great in | 
28 proportion to the line when it's put in the perspective 
29 of how much frost heaving soil we have. It may be 


30 an economic -- 
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i 
2 Q What are the costs that 
3 Play against that, if you decided for example north 
4 of Fort Simpson to stop chilling, what would be the 
5 costs that -- 
6 A Well, the costs that 
a I would consider would be those associated with the 
8 Security of the line, the integrity of the line, and 
9 the environment, the physical environment, if we | 
10 were thawing it, thawing the frozen portions. | 
ll Q Well, what sort of | 
12 costs would be involved to the company in that 
13 circumstance? | 
14 A Oh, the costs associated © 
15 with maintaining drainage and erosion control, 
16 controlling settlement of the line in certain instancesj. 
1 Q Well, I take it, however, 
18 there has never been any suggestion on which you've | 
19 acted that there is an economic factor in chilling 
20 apart from the maintenance of the line. 
21 A I understand that the 
22 economic factor associated with chilling is related 
23 to the type of chilling, but my understanding is that 
24 there is no economic -- no major economic advantage 
25 in throughput, for instance. 
26 MR. SCOTT: Mr. Gomucedones 
27 we have a long way to go. I'd be prepared to go an | 
28 hour or two this afternoon, if -- in order to deal | 
49 with these matters. | 
ae | THE COMMISSIONER: I think 
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2] that would be a good idea. Any objection, Mr. 
3 Genest? 
4 MR. GENESTs None at all, sir, 
5 THE COMMISSIONER: And I think 
6 | your panel would prefer to continue. 
7 MR. GENEST: I think they 
8 would. 
) THE COMMISSIONER: Well, 
10 lets adjourn untill 2:30. 
nig (PROCEEDINGS ADJOURNED TO 2:30 P.M.) 
i 
3 
14 
15 
16 | ‘ 
17 | 
18 
i) 
20 
2. 
22 
ao 
24 
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‘ MR. oCOPrT: 

3 Q Dr. Clark, can you tell me 

4 when the decision was made to chill the gas to the 

5 Alberta border? 

6 | WITNESS CLARK: 

7 A Il can”" t recall “that from 

8 memory. I believe the next panel could give you more | 
9 precise information on that than I could. | 
10. Q Can you tell me generally? | 
"Ea A No, I would have to check | 
12 that's 

173 3} MR. -GENEST 2° will ‘see Get I 

14 can find that out right now. 

15 Late 727 ram informed, Mr. 

16 Scott. ; 

17 MR. SCOTT: Thank you very 

18 much, 
19 Q Dr. Slusarchuk, in. addition 
20 to the berm of overburden, you have listed three other | 
21 methods of keeping the pipe down. You have told me 
Shs that two of them only will be utilized in remedial | 
23 work. Is Northern Engineering in any position to say | 
24 whether in fact they are going to utilize the techniques, 
25 removal of frost susceptible soil or insulation of | 
Ze pipe? Are these presented as possibilities, or are | 
ai they going to in fact be used from place to place? | 
28 WITNESS SLUSARCHUK: 

P45) A They can be used, sir. 


30 Q Well I know they can be 
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used, but are they going to be used? 

A We plan to use them, yes. 

Q You plan to use them. Are 
you in a position to estimate for us over what proport- 
ion of the pipe they may be used, or how extensively? 

A PAVeLUYASMalLlL PEOQDOTLELON, Simi. 

Q I take it that the berm 


is going to be the substantial remedy, is that 





correct? 
A That and the deep burial. | 
Q And deep burial. | 
A Yes, sir | 
Q Yee, sAndican.vyou_ tel] us | 


in what category of situation removal of frost suscept- 
ible soil is going to be the remedy of choice? 

A When we bring the pipe out 
of.thesground,..for example, around compressor 
stations, we probably -- we plan to use gravel in 
those areas. 

Q Yes. Any others? 

A We don't have any others 
in mind, sir, that I'm aware of at the moment. 

Q All right. In what circum- 


stances are you going to use the insulation of pipe? 


A At river crossings, basic- 
aay, | 

Q Are you going to use -- | 

A At small river ones, small 


river crossings. 





Q Is that only underjthe river? 
| 
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Or are you going to use it on ground aswell? 

A Basically under the river, 
Sir, 

Q take it it will be used 
under small rivers where there is a permafrost base? 

A Generally -- yes, sir. 

Q Yes. Now dealing with the 
insulation of the pipe, is it the intention or the 
is it possible to utilize -- and it's a depth of 
insulation that will totally prevent any freezing out- | 


side? 





A We haven't investigated 
thickness or anything like that. I'm not sure she cher 
theoretically there could be, but we're not proposing 
anything like that, sir. 

Q i take “it then; that’ you're 
proposing a kind of insulation in which freezing will 
be transmitted from the pipe beyond the insulation? 

A Yes, "Sir. 

Q Ad Ae ttake at “that cb 
therefore follows that over a period of time a frost | 


bulb will develop, even around insulated pipes? 


A Yes, Sir. 

Q But it will be a smaller | 
frost bulb? 

A It will be a smaller frost | 


bulb, and the idea would be to use it where 
convection, or where you have your stream running in 


the gravel and the heat that would be brougnt to’ the | 





frost bulb with the moving water would in fact 
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a) counteract the tendency for the bulb to move. That's | 
2 the reason why we try to use it in those cases. | 
3 Q Well now I take it a smaller 
4 frost’ bulb, as a AG re eer ae will mean the 

5 lenses are formed closer to the surface? 

6 | A Yes, sir. 

| Q And that therefore because 

8 of the smaller frost bulb, there will be a smaller 

9 overburden? 
10 A Yesyesir« | 
ume Q Well doesn't that lead one | 
12 to the conclusion that the capacity for lensing will 
23 not be cancelled out by an overburden? | 
14 A 1 was, thinking, Sir, of 
15 small streams where there was gravel to several feet 

16 underneath the river bed and you didn't want to freeze 
17 that off, or another -- or alternatively you didn't 
18 want to allow the frost bulb to get into the frost | 
i9 susceptible soil that might be at depths of 20 to 25 
20 feet beneath the gravel. The first 10 to 20 or 25 | 
21 feet would not be frost susceptible. | 
22 Q Do I understand then that 
23 the insulation will be used only in non-frost | 
24 susceptible soils? 

25 | A The frost susceptible soil | 
26. would be underneath the gravel. I don't -- we are 
27 not contemplating to insulate in soil that is actuadly 
28 frost susceptible itself. | 
29 Q So that remedy will not 


30 be used in cases where the pipe passes through frost 
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1: susceptible soils? 

2 A But the frost bulb with 

3 time, sir, may advance into frost susceptible soil 

4 underneath the gravel. 

5 | Q Yes. 

6 | A Okay, and the reason you 

7 put the insulation on there is to reduce the heat flux 

8 of the pipe, have the frost bulb tend to be smaller, 


9 the effect of the convection would tend to keep the 





10 frost bulb even smaller, and the frost bulb would then 
el not reach the frost susceptible soil underneath the 


se gravel. 
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Q Thank you. Well now 
let's deal with the dual pipeline river crossings and 
I take it that the scheme here is that you're going to 
Pipe the gas through one river Crossing, chill, and 
then after an interval you're going to cut off that 
Pipe and ship it through the other pipe. 

A Yes sir. 

QO Have you given any 


thought to the intervals that are going to be utilized? 





PaeSteOu alls tS atl sa ser lous remedy , a remedy 
seriously proposed? | 

A Te sa veal possibility, 
Certainily= . 

Q But is there anything that! 
suggests to you that it's going to work? ‘* | 
A Yes. : 
Q I take it that that's | 
advanced as a serious solution for this problem. | 

A It's advanced, sir, as 
a method ¥nich we can take advantage of the dual cross- 
ings with regard to frost heave at river crossings. 

Q Yes, well have you any 
studies that indimte, for example, over what period 
of time after the gas is cut off in one pipe, warming 
is going to occur and the development of lensing term- 
inate? 

A We have done a couple of 


geothermal studies on that, sir. 


Q Well, have you got them? 
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1 

2 | Or can you give us a reference to your studies with 

3 respect to this remedy? 

4 A We do not have that in 

5 A Tenor’, ino Six... 

6 | Q Isn't this entirely a 

7 | theoretical proposition? 

8 A It's not -- I wouldn't 

9 consider it theoretical. We've analyzed it froma 

10 geothermal point of view, and we know that because of 
a1 the warm nature of the soil underneath the pipe that 
2 the frost bulb would tend to stop growing at an earlier 
3 Stage because of the warmness underneath the river, and | 
14 therefore in our opinion would reduce the total frost 
15 heave. 

16 Q Well wagain;s .isnituthe 

1? risk here that you will produce a smaller frost bulb? 
18 A Yes, you produce a 
19 smaller frost bub but I think we probably run the one 
20 for a few years, say for two or three years, and drive 
21 the frost bulb down quickly. 

22 Q Well, how many years? 

23 What's the data on this remedy? Are you going to 
24 alternate it every two years, or five years, or three 
25] months? 

26 A We hven't established 

27 that, sir, but we have established that conceptually 
28 it seems to be quite a reasonable thing to think about. 
29 Q I don't want to be dis- 
30 


respectful of any of the very significant work that 
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you' ve done, but I sense that with respect to this 


remedy, that it seems to be something drawn on the 


back of a cigarette box as a concept. Has it been 
analyzed and proved out as a remedy? 

A It's been analyzed to 
the extent that I've analyzed it, sir. We haven't 
Carried out any field tests or anything like that on tn 

Q Well -sisn't there a | 
risk that the smaller frost bulb is going to again 
mean a lower overburden and more lensing? 

A There is a possibility 
but on the same token, while there was a shutdown you 
would have some thaw back and you'd have to re-freeze 
that to come back to where you were. | 

Q Are you going to use 


this remedy in frost-susceptible soils? 





A No sir, we're only going 
to use it where dual crossings are already there and 
there's a potential use of a dual crossing. 

Q So that when we come 
back to frost susceptible soils, we really have three 
remedies. Well, we have deep burial. I take it that's 
NGL a remedy,,.1S, it? .~oulre, either going to do it 
at the beginning or not at.-all. 

A. That's a design measure, 
siz. 


| 
Q Yes, so that with respect 





to frost-susceptible soils, the remedies are removal 


of that soil and_adding to, the ,»erm. 
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A Those are also design 
measures. 

Q We'll be coming to it 
later but I take it the cross-delta is in frost-suscep- | 


tible soils. 


A Teas Hinwsoil that ds 


Classified as silty and some silty clay, which then 
makes it a potential for frost heaving. 

Q There is no doubt, is 
cthere;yabout the factthat those»soils are’ classified 
as frost-susceptible? 


A Well, sir -- | 





Q According to the 
traditional classification. 


A -- according to them, they 


| 


| 


certainly would be. 

Q Ale racirt ; Was one of 
the purposes of the Calgary test-site to deal with 
the -- on a test basis -- with the differential heave 
problem? 

A NOrsin, not. directly 
to check out differential heave, and how it reacts with 
the -= inter-reacts with the pipe. 

Q I take it that the answer 
Co=my "question is “No, it isn‘t for that purpose," is 
illustrated by the fact that the lengths of pipe are 
only 40 feet long. 


A Yes sir. 





Q And I take it that at the 
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ho 


Calgary test-site, whatever else may be said about 

3 it, you basically are using soil of one classification 
4 type. | 
3 A There are different ayers 
6 there down to about the 11-foot level you have a : 
d) More silty soil, and as you go down beneath that a little 
8 bit daeper you start to become more fines in it, but 
9 generally you'd classify it as a silty soil. 


10 Q And as a result, at 





ll Calgary, you don't have at the Calgary test-site the 
12 wide variety of soils adjacent one to the other as 
13] they will be found in the line itself. 


14 |, A No sir. 
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1 Q And additionally, I take | 
2 it that you're experience at the Calgary test site, | 
3 has been limited basically to one year? | 
4 A Yes, sir. 

5 Q And that what you've had ! 
6 | to do at Calgary is take your findings with your 40 | 
7 foot pipe in that kind of soil over one year, and 

8 extrapolate them, which I understand is the expression, 
9 to the life of the 25 year pipeline? | 
10. A We try to do more than 
12 that. We've tried to establish that we had a rational | 
12 design methodology and to prove that out, and at the 
a3 same time to use that hard data of one year's operation, 
14 and then of course we had to extrapolate beyond that. 
5 Q Yes. Does a rational design 
16 methodology mean a concept? e 
7 A No sir, it could mean that, 
18 or it means that in part, but to me it means something > 
19 that you've proposed and you've checked out, and | 
20 you've noticed no inconsistencies jin the various 
21 tests you've been running, and you're reasonably satisfied 
oz with the predictions that you can make. 
23 , Q Yess. Well, isn’t it fair 
24 to say, that in order to move from your theory and 
2D the tests on the ground at Calgary, you have to over 
26. one year, you have to extrapolate a very substantial | 
Pai amount to get the conditions that are going to con- : 
28 front this pipeline in the field? 
29 A We plan to operate the pipe | 





30 in the field for 25 years or so -- 
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Q We don't want you to do | 
any experimenting there. 

A -- we have only run the 
test sites for one year, so it's quite clear that we 
have to extrapolate that extra -- 

Q And that's a substantial 
extrapolation jrisn’t wet? 

A It's substantial in time or 
in percentage of years, say one over 25 or something 
like that, but -- | 

Q And it's substantial in | 
terms: -= 

MR. GENEST: Let him finish his | 
answer. 





MR. SCOTT: I'm sorry. 


Is there anything else? ; 





A It doesn't necessarily | 
mean it's substantial with regard to the appropriate- | 
ness of our design methodology. | 

Q Well, don't you think you 
are taking a fair calculated risk that the ee 
of your laboratory will be borne out in the field ae | 
25 or 30 years? | 

A There is a judgment that 


we have to apply to the numbers that we are getting 


and to the predictions. The -- we have used our 
controls -- our restrain section, for example, to 
simulate what was going to happen at -- as the frost 


bulb would penetrate deeper, which would be St, 10¢ 





15 or 20 years down the road, so even though there is 
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| 
| 
| 


only a one year period there, of test results, there 
is tie-ins between what we are getting and what we 
foresee; to happen in the future. 

Q Well now, did I understand 
you to say in your evidence in chief, that the sienaeron 
at the test site at Calgary represented in terms of 
sub-soil and ground water conditions, the worst 
possible situations that could be found in this route? | 

A Not on the route. I think | 
we -- I'm not -- maybe we should have a look at fees 
what you are referring to there. | 

Q But what do you say about | 
the soil and water conditions that are found at the | 
Calgary test site? 

A We've said that - 
they are traditionally recognized as frost susceptible | 
soils and we have a water table that can produce | 
-- supply the water that is required for frost heaving | 
all at once, and in our view it represents a frost 
heaving condition that is representative of a worst 
case condition . 


Q Yes. Well now, what about 





clay soils over long periods of time? That hasn't 
been tested at Calgary? 
A Noosir’ 
Q No. Well, is that not 


possibly a worst condition? 





A It's possible that it 
could be similar to a worst condition or that over 


the lifetime of the pipe it could heave similar to 
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what this kind of soil could heave to. 
Q What's the water table at 
Calgary? 
A It's about six feet, sir. 
Six feet beneath the ground surface. 
Q So that example I gave you 
on the diagram is much worse than anything you have at 
Calgary? 
A It's not worse from the 
point of view of supplying water to the frost front 


beneath the bulb, sir. 





Q It's worse in terms of 
water table, isn't it? 

A But sthattsynot the spoint, 
sir. The point is, is where the water is coming from 
that is going to grow the ice lenses to cause the 
heave of the frost bulb in the pipe, and as long as 
the water table is approximately equal to the base of 
the pipe, we are not restricting the availability of 
water for that soil to suck in all the water it wants. 

The situation that makes it 


worse in your particular diagram, wherever it's gone 





to, is the fact that the water table is higher and 


it reduces the effective stress of the soil, and it 


has a tendency to reduce the overburden pressure and 
the stress on, the frost front., That's. the: effect of 


the ground water table there being a worse case -- 





Q Yes. 
A -- not of restricting the 


supply of water. 
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i Q YES@ sbUcCt take: it that 

2 with a water table at surface, you create a situation 

3 worse than existed at Calgary? 

4 A We'd create a condition 

5 that frost heave would heave faster, yes’. 

6 Q Yes<s AndSthat's worse? 

7 A Well, it could be worse. 

8 We were trying to determine, we were trying to examine | 
9 our design methodology, or develop our design method- | 
10 ology to formulate our predictions and”our procedures | 
Li for that, and we could have made a situation worse | 
12 by putting the pipe right at the ground surface, for | 
13 example, | 
14 Q Dr. Slusarchuk, looking at | 
15 the last diagram in your book, Results from Frost | 
16 Effect Study,’ the last page, -- } | 
17 A Yes, sir. | 
18 Q =~=Sitts*perfectly clear, | 
9 isn't it, and perhaps you've said this, but the 
20 development of heave is much greater where the water 
21 table is at the surface than when the water table, 
Ze for example in your diagram in one of the lines, is 
23 five feet down? 

24 A It's worse because it | 
Ae) reduces the effective stress. It's not worse from | 
26,| the fact that more water is available, that's the 

27 distinction I'm trying “to maké, sin! | 
28 Q All right. I understand 

29 why it's worse, I simply put it to you that that | 


30 factor creates a situation that is worse than any at 
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NE ce ah hy Clar, Hollingshead, McRoberts, 


Gr. exdie aby SCOLL 
the Calgary test site? 

A It would create -- the 
pipe would heave faster under those conditions, yes 
sir. 

ate 

Q And I take/a situation in 
which there is artesian water is worse than any that 
exists at the Calgary test site? 


A Yes, if the flow was sub- 


stantial, or in other words, that the excess pore 


pressure at the depths that we are talking about, due 


to the artesian pressures, would in fact reduce the 


effective stress of the frost front. 


Q And artesian water in this 


context, as I understand it, means not water from a 
well, which is what I thought until a week ago, but 
rather water that is under some kind of pressure 

that will bring it above the surface of the ground? 


A YES). Sir. 


Q Yes, and that pressure can 


exist because it is collected and there is nowhere 
Soret to-go? 

A Yes, something like that 
sir, yes. 

Q And that would be a worse 


Situation than existed at Calgary? 


A Marginally. 
Q Yes. Have you any idea 
how frequently artesian pressures -- artesian waters 


exist along this route? 


A I understand that along 
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it the portions of the east side of the Mackenzie River | 
2 is a discharge area, and where water is coming up 
3 from below, up towards the surface, and that would 
4 be quite a number of miles. I'm not exactlysure 


5 what it would be. | 
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Clark,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern, Cooper 
Hardy ,Williams 

Cross-Exam by Scocet 


Q Well, I take it what 
you're saying -- I'm sorry -- do you know anything 
else about artesian water anywhere else on the line, 
its location, the extent to which it may be present 
in the soils? 

A Not myself, SLE. 

WITNESS CLARK: One of our 
colleagues is expert in this area that we have 
chosen by reason of phasing to bring him on in 
Phase 2. He works very dosely with us in the frost 
heave program, so -- 

Q Is there a study or 
report, Dr. Clark, which will reveal that information? 

A We have had a recent 

of icings é 
reconnaissance/that will ultimately end up ina 
report. I believe there are some other references, but 
not that we have produced, Mr. Scott. 


Q Well, I take it what 


you're telling me is that there isn't a report now. 


A No. 

Q There may be in the 
fitiure. 

A Yes:. 

Q Dr. Slusarchuk, what 


is the explanation for the tilting of the pipe at the 
Calgary site which is shown, I think, on one of the 
graphs in your studies? The graph, for the purposes 


of the record, that is shown as figure 2.48 


"Heave profiles along pipe section§ October 1974." 
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Slusarchuk ,Morgenstern ,Cooper 
Hardy ,Williams 

Cross-Exam by Scott 


Do you have that? I don't have a page number for it. 


WITNESS SLUSARCHUK: Yes, I 


have it here, sir. 


Q it*s' about the middle’ of 
the book, a third of the way through the book. 
A 244? 
Q ae, ek Me SOLrry’. 
A Well, the reason for the 


tilting there, sir, is it was heaving faster at one 


end than at the other end. iemvont add turther that 


Withieregara to the control. secerons, the end there that 


is not heaving quite as quickly as the other end, you 
have to bring your ducts into the ground and some of 
the weight from the ducts was also acting on that end 
of the -- of the buried pipeline, which would add a 
Prttie bit of additional stress. The other thing is 


that theres a little bit of a change in the frost 





heaving characteristics along the -- of the soil under- 


neath there, and it is creating that tilting. 

Q Well, do I understand 
then that the explanation for the variation in heave 
that is shown in that chart is “that it “is one ; that 
each of the pipes at one end were connected to some 
facility wich may have had the effect of weighing them 


down at that end? 


A On the control sections, 
sir, I am referring to specifically there in that -- 
Q Would that be near the 


zero end of the graph? 
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Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams | 
Cross-Exam by Scott 


mn Yes: sir. 


that 
us is/there's a pressure because there's a tap or an 


| 

Q And is what you're telling| 
| 

input or something? 
A We tried to isolate the | 

load from the ducts onto the soil, but in fact the 


Pipe -- the duct there was on skids and we didn't 


realize it for a while, and then when we did realize 


: then 
It we.did.injifact/jack itp so, that \the, load, was 


no longer on there. 
Q Weld) si, putt G ytosyou’ that 


without, leaving aside that explanation for the moment, 


| 
. . . . ° | 
there is the most extraordinary variation in heave, 





bearing in mind that the pipe goes through, as you've 
said, relatively homogeneous soil, over hearly 40 | 
feet. 

A You're talking about the 


control sectionnow, sir? Of that line? 


| 
| 
| 
Q Liam ytadkingfabout mat — 
| 


thee. of whem.as The control, the gravel, and the re- 
straired. 

A Ves «+ theresiisy a.,tuLt to 
them. 

Q Apart from the tap being 


on the end, is there any other explanation for that , | 
what appears to be a marked variation? | 


A Other than that there are 
different frost-heaving characteristics underneath the 


| 
pipe, over that length of 40 feet. | 
| 


oe ait _. 
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Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 

Cross-Exam by Scott 


Q And these different frost- 


heaving characteristics exist in a soil over 40 feet 
that is notably homogenous. 

A It's not homogenous in 
that sense, #here's a tilting to the soil layers in 


that area and at around -- depending on what section 


| 
1 


{ 


you're talking about, there is a little bit of a differ- 


ence between the soil that is freezing at one end 
compared to the other. But it's not tremendously 
different. 

Q But the soil is all 
within one soil classification. 

A Yes+sir?* that's correct. 

Q Yes, and it's not a 
difference in soil characteristics that could be 
detected by any of the devices you've desrribed that 
you're going to utilize in the valley, is it? 

A Well, we certainly could 

our 
detect the difference in that soil from / frost heave 
testsin the lab. 

Q Yes, but when you come 
to lay the pipe you're not going to be able to tell 
whether the minor differences in soil classification 
that led to the tilting at Calgary exist from mile to 
mile up the valley. 

A No@sir; *that"s correct. 
I want to make a point here, though, sir, that though 
it's tilted it's remarkably straight, and our design 


criteria is the curvature of the pipe and if you look 


| 
| 
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i Cross-Exam by Scott 
at 

2 / these you would note that there was very little stress 
3 induced into the pipe, due to frost heaving. 

4 Q Well, those pipes were 
5 only 40 feet long, weren't they? 

6 | A Thats Light, ir. 

iy Q Is the expression, 

ss "the stress history of a soil" familiar to you? 

9 A Yes sir. 

10 Q Gan voule == asoMr. "Genes t 
TD would say -- can you tell me what I mean by that? 

12 A Letsi the ‘cyclecof 

13 loading or unloading that may have been put on the 
14 | soil, either due to, for eae eee coming over 
15 and retreating, deposition, additional soil being 

through 

16 | deposited on it or going / a freeze and ‘thaw cycle. 
Ty Q Well, could you tell me 
18 if I'm correct when I suggest to you that the stress 
19 history of the soil is the extent to which the soil 
20 has experienced a load, experienced inthe past a load 
21 higher than its present overburden? 
22 A That could be one 

23 component of stress history, yes. 
24 Q So in layman's terms, 
25 


when you look to the stress history of the soilptyou 








want to know to what extent there have been pressures 
on it before that are now not present? 
28 A Yessing thatiwould*be “-- 
PES, j 
Q And why is that 
30 


significant? 


| | 
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Hardy ,Williams 


Clark ,Hollingshead,McRoberts 
Cross-Exam by Scott | 


A In most of our work, Sir, | 


we haven't considered it significant. It does have 


some implication if you're crossing at river crossings |; 
nee | 

where the soil is not really dense and has a tendency | 
upon . 

to consolidate / freezing. 


Q Well now, do you consider 
that it's a significant factor, this stress history Of 
any given piece of soil in approaching this problem? 


A We haven't considered 





that .to this jpoint,,.5ir. 

Q Well, I want to read you 
one sentence from a paper by Dr. Morgenstern, Af ees 
ne's a doctor -- Arvidsson,. called | 

"Water Flow Induced by Soil Freezing." 


DuteLe Ss 
it's a paper by Dr. Morgenstern / by somebody else? 


| 

; | 

MR. GENEST: Just a moment, | 

) 

| 

| 

MR. SCOTT: No, it's by him and) 
MR. GENEST: Somebody else? 


MR. SCOTT: -=somebody else, 


I presume he's a doctor, as everybody but Mr. Williams 





seems to be. 


A Hesis.snoc. — 


Q He's not. W.D. Arvid- ° | 
sson at that time with R.M. Hardy & Associates, presen- 
ted to the 27th Canadian Geotechnical Conference at 
Edmonton in November of 1974, and the abstract CL 2rG 


reads -- 


MR. GENEST: Whose abstract? 
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Cross-Exam by Scott 


MR. SCOTT: The abstract which 
is attached to the paper which I presume is either 
prepared by or approved at least by the authors, I 
don't know how you abstract these things. 

MR. GENEST: I'm: just trying 
to distinguish it from yours. 

MR. SCOTT: Perhaps I, should 
Tread aco. 1: 

"A method of assessing the freezing behaviour 
of a soil is developed, This assessment is 
based on the linear relationship between the 
flow of water to or away from the freezing front 
and overburden pressure. The pressure at which 
no flow occurs is termed the shut-off pressure. 
At pressures less than the shut-off osetia 
water is sucked to the freezing front, resulting 
in ice lensing which can cause excessive 
heaving. At pressures greater than the shut-off 
pressure water is expelled from the freezing 
front, resulting in relatively small amounts 
of heave due to a freezing of a fraction of 
the original insight to water.” 
Stopping there, Dr. Slusarchuk, that's what we've been 
talking about, isn't it? 


A Yes sir. 
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if Q Yes, and the last sentence, | 








2 | "This water flow pressure relationship and the shut- 

3 off pressure depends on soil type,stress history and 

4 freezing temperature". Do you accept that as a general 
5 proposition? | 
6 A With regard to the stress | 
7| history, we don't have the situation that is directly | 
8 related there, where they are talking about remoulded 

9 samples all the time. We are actually sampling soils | 
10 from along the test site, and the data that we get, | 
17 the frost heave data, the rate of heave data, inherent 
12 in that data that we are getting and using is the Jase 
L3 history of the soil. 
14 Q Well, Dr. Slusarchuk, I may 
15 be wrong, but I understood you to say about three 

16 minutes ago, that you had given no consideration to 

17 theYstress”history of the soil in doing” these ‘tests? ! 
18 Now, is that correct or is it not? 

19 A Well perhaps I wasn't full 
20 enough in explaining what I meant at that time, sir. | 
21 WITNESS MORGENSTERN: 
ge A Could I have a word here? | 
23 The shut-off pressure as a phenomenom does depend 

24 upon stress nfecery) but by evaluating the shut-off | 
25 pressure of the soils that we encounter on this 
20. pipeline route by undertaking tests similar to those | 
27 described in the paper that you cited, but on samples : 
28 extracted from the route itself, the stress history 

29 is embraced within the test, and therefore we are 


30 testing samples that already reflect the history of | 
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loading and unloading that they have been exposed to. 
In this sense, we no longer have to pay attention to 
the effects of stress history in the further testing 
that we do on the soils from the right-of-way. 

Q Well, Dr. Morgenstern, 
are you telling us that it's quite consistent with 
your paper therefore, in the analyses that were done 
for this pipeline, to ignore the stress history, not- 


withstanding the abstract? 


A The stress history -- it is 


quite consistent to ignore the stress history any 
further, because we are testing undisturbed samples 
taken from the route that contain within them, the 
stress history. 

Q Okaynws isn! t it clear that 
in. an. unprecedented project of this type,, that you 
should have an understanding of the stress history? 

A Consolidation testing on 
some of these samples to evwduate their stress history 
does go on, but the actual evaluation -- 

Q Where, where? 

A Where? 

MR. GENEST: Let him finish 


his answer before you ask him where. 


MR eCOLLS 
Q Where does it go on? 
A It goes on as part of the 


characterizing of the unfrozen soil. The evaluation 
of the shut-off pressure itself does not require 


further testing relatedto stress history, because it 


Slusarchuk, Morgenstern, Cooper, 
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l contains the stress history. | 
2 Q Well -- I'm sorry. | 
3 A We are testing in our shut- 
4 off pressure test, a sample with a stress history that 
5 nature has put into it, and these constitute the bases 
6 | for our further design. | 
7 | Q Well first of all, who is 
g doing the study of the stress history in these soils | 
9 at the Calgary site? | 
10 WITNESS SLUSARCHUK: 
uD A We have ran some consolid- 
it ation tests on it, such as Dr. Morgenstern is refer- 
13 TAN sco. 
14 QO Well, are they reported Bee 
US A I think they are probably | 
16 reported on in here, sir. ; | 
17 We havesome parts of the data report, | 
18 such as the co-efficient of consolidation which is | 
19 one aspect of that, but we don't have the actual | 
20 stress history -- 
a1 Q Well who has it? 
ae A == puttin here. 
23 Q I must say I misunderstood, 
. 
24 I understood you to say first that no consideration 
25 | has been given to this, Dr. Morgenstern has given an 
26, explanation that you know, I accept for these pur- 
27 poses, and now I understand you to say that some | 
28 consideration indeed has been givento stress history. 
29 A Well, I didn't say we 





30 didn't consider them. I said that at the stage we are 
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at, they're not significant to us, and that's what 
I thought you were asking. We don't work stress 
history into our predictive tool. 

Now, aS a matter of course with 
a lot of soil studies that you do, you run consolidat- 
ion tests and so on, and we didn't incorporate it in 
this report, but data like that would be available 
GO == 

Q Are the samples that you | 


are getting from along the route disturbed or not? 





A They are what we call un- 
disturbed samples, sir. 

Q You're satisfied of that in 
every case? 

A Well, there's always some 
disturbance whenever you take a sample... This is an 
accepted aspect of sampling anything, and we have 
sampled in a manner that we feel our samples are un- 
disturbed from our point of view. | 

Q Well, if the sample is | 
disturbed, it's then that you particularly want to : 
have a stress history? Isn't that so? | 

WITNESS MORGENSTERN: | 

A The procedure for sampling | 
the undistrbed samples are commonly accepted techniques 
for sampling unfrozen soils. The degree of disturb- | 
ance introduced by these sampling procedures is one 
that is part of the conventional knowledge of our 
geotechnical work. 


Detailed evaluation of stress 
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ficance, if any, do you attach to the development of 
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history, it would seem me would be of interest, but 
not essential to the bringing together the body of 
data for frost heave prediction and design. 

Q Well does this mean then, 
that if you can get an undistrubed sample, you don't 
have to be conserned, or you don't have to consider, 
ds i think Dr. Slusarchuk pwetrey ee stress history 
of that particular sample? 

A Yes. 

If you had a sample that was 


very disturbed, and you could see it, you wouldn't use | 





that, you wouldn'ttest it. 
Q Well, are you satisfied 
to the point of assusrance that the samples that you 
have obtained from the valley and taken to whereer 
you take them to test, can be regarded as .undisturbed 
samples? 
A To the usual degree of 
satisfaction in our work, yes. 


Q Dr. Slusarchuk, what signi- | 


these long cracks that have been seen on the surface, | 
that appear to be from frost heaving at theCalgary 
site? 

WITNESS SLUSARCHUK: 

A That is just’ a shear plane, | 

sir, due to the frozen soil moving up. 

Q And what length are they? 

A They are petty much the 


length of the pipe. 
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Q Yes, and no doubt they will | 
run along the pipe in the 200 mile sector that is | 
alternately frozen and unfrozen? 

A Yes, Sir} 

Q Yes. Are these good or bad 
or indifferent? What evaluation do you make of them? 

A With regard to our frost | 
heave analysis, I think they are indifferent. 


Q Well, aren't they going to 


be a repository for run-offs? 


A Well that's a different 
thing than frost heaving, sir. | 
OQ Yes. But is there anybody 
on the panel who canjspeak to the question of what the 
consequences will be if they indeed are a repository 
for run-off along the 200 mile length of this pipe? 
| WITNESS CLARK: 


A The water within the zane of | 





influence of the pipe would freeze, and therefore the 
cracks would not conduct water beyond that frozen 
section. 

Q Well now -- 

THE COMMISSONER: Excuse me. 
Did you say that the water would freeze? 

A If the crack extended into 
the zone affected by the pipe, this frozen soil, the 
water would freeze in that frozen soil. I'm not sure 


in hindsight, if I've understood Mr. Scott's question. | 





Q Well that would block the 


flow downward at any rate. 
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A Yes. 

Q Is that your point? 

A Yesie 

MR a vSCOTT: 

Q Is there any doubt about 


the question, Dr. Clark? 

A Yes, that was the -- if I 
interpreted it correctly. You might have been refer- 
ring to flow along the pipeline. 

Q Well these cracks run Sate 
the pipeline? | 

A Yes, they do. : 

Q Along the edge of the pipe- 
line? 

A Yess 

Q Virtually its length, at 


least where there is any heave. 


A Yes. 

Q Did you understawd that a 
you made your answer? 

A Yes: | 


THE COMMISSIONER: Well, excuse 


me, the cracks would be parallel to the pipeline? | 





A They would, indeed, yes. 
MR. SGOMmts 
Q Well now, Dr. Slusarchuk, 


have you given any consideration to heaving from ice 
lensing of the soils above the pipeline? 
WITNESS SLUSARCHUK: | 


A Yes, sir, some, 
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CY, Bxaite, DY SCOUT 


Q Well now, I ask you to en- 
visage a situation in which the pipeline as a result 
of the remedies you have discussed, does not move. 
What is the extent of heaving that can be anticipated 
above the line, that is, above the pipe in the soils | 
that are found there? 

A It would tend to heave a 
certain amount, and as the pipeline started to operate 
and the frozen zone would develop over it, in the 


summer it would thaw back down and then it would more 


or less establish an equilibrium there, sir. It 


wouldn't be kind of an ongoing process, the way you 


have it beneath the pipe, because it would be more 
similar to the frost heaving situation that we 
are used to in the more southern latitudes. 
Q Well, over what period of _, 
time is this heaving above the pipe likely to occur? 
A Well during the first few 
months of operation. | 


Q Wellyy why is ait that.42t 





won't occur indefinitely? There is no overburden 
to speak of? 

A No,because the sun comes 
out in the summer and thaws down to it. 

Q So I take it what is going 
to happen is the thaw is going to terminate the 
lensing annually? | 

A Yes, sir. 


Q Yes. Well now, what ranges 





of heave do you contemplate under worst conditions | 
























tues Ss as eaten loirw a. ; B-« a 
,evon gon eeob ,bewnvaeib over aeaiieeae i 
betsgioltas ed aso tsa paivesd 20 jnedxe eft ef ost 
elioe edt at sqiq ot evods yet Jedd yonil oft evods 
s sveed ot Bnet -bigow JI A 
stereqo ot beitsde entiegia adt es bos ,Jngome "wiesis> 
ad at ,tE w8vo qoteveb Bivow enes mesox? edd Ens 
exon bivow ¢ mere Gas mwob xosd wed? Blwyow +f sommes 
3l .xke ,etedt mutudilivupe ns detidetes easel to 
voy yew oft ,aesvo7q prtopag as to babt ad + abiuow 
stam od. bivew ti seusoed ,sgigq efit dtssned +i saved 
ow ted? noltsotie patvead teor? ext of 18himie 
. aabysitet czodtvoe exom edt at ot been exe 
to boitsq dsdw revo ,ftew Q 
T3290 oc yledbt sqig ef% evods priveort eint ei emis 


wl Janil edd paizeh Lisw A A 

2% gage At et ydw ,iiew O°. «soup? Cay as arr ; 
| aebrudzevo on ef eueiT Sylstinitebal avoo00 3*now | | f re 
| ea S20 Yseqe Fs 
| enon mie oft saysoedyoN A | Wlae Mee aed 
.Jk of aweb awed bos zommue oft nt tuo 

paloe ef s6dw fh est Toa . @ 
ott easniate2 o3 pmtop ef wsdd efft a macan 08 


; : et 7 


¥ as oo aie 





ye " | fe: 


a 





«the .8e¥ 9 A» =a 
lagelallie 9 oma eax’  ® 


. 2e 
ee eat sgh) 5 





3255 
Clark, Hollingshead, McRobets, 


ALLWEST REPORTING LTD. Slusarchuk, Mogenstern, Cooper, 


RIE INIA ES Ns eigen 


> Ww 
es 























Hardy, Williams 
Cr. Exam. by Scott 
above the pipeline? 

A Between the top of the 
pipe and the top of the ground, we contemplate very 
little heave, or a nominal amount of heave. A few 
inches or something like that. 

Q Well let's take -- have you 
done studies on this? 

A Well,we've done studies to 
the extent that we've done geothermal analysis on 
different situations -- 

Q Well that tells us the 


temperature, doesn't it? 





A It tells you what's frozen | 
and what isn't frozen. 

Q RAT right / but what 0 'm 
asking is, have you done studies to measure -- have 
you done studies, assuming the pipe is perfectly | 
stationary, on the extent of heave that occurs sil | 
the ground above it? | 


A We havent done specific 


studies on that, sir. 
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Now I presume you had | 


Yes. 
Did you measure it? 
Yes sir. 


Is that reported anywhere? 


Yes, it should be reported 


the opportunity to ier this at Calgary. 
A 
Q 
A 
Q 
A 
in this here document. 
Q 


you can put me onto the page or the graph? 


A 


second. It's reported as a separate study, sir, and 


the data is in here but you would have to -- we don't | 


Is there any chance that 


Yes, just give me a 





have it in here as a separate graph, and I'm not sure 


whether the data is actually presented in here from 


all the heave data. We could actually go and make a | 


quick calculation right here to show you that. We do 


have that data. 


Q 


you're not primarily concerned with it because it 


doesn't have to do with the movement of the pipe. 


A 


the ground surface. That is reported mhere on figures 
237, S0 we know what the pipe's moving and we know 


what the ground surface is moving across the pipe. 


Q 


heave above the pipe that is related only to the lensing 
in the ground above the pipe, and perhaps you can, 


at a convenien_t opportunity, get those figures for 


well, I take it that 


We are also monitoring 


Well, I'm concerned with 
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2 Mr. Genest and let us have them, based on your | 
3 observations at Calgary. | 
4 A Yes sir, I could do that. | 
) Q Yes, not in the next | 
6 | ten minutes, but when you have a convenient moment. | 
7 Now I take it that -- 
8 MR. GENEST: Mr. Scott, I 
9 just want to make sure of what we're required to do 
10 so there will be no quarrels about it. 
11 MR. SCOTT: Well, let us have 
12 | a report of the measurements at the Calgary test-site 
13 Which reflect heaving above the pipe, that is lensing! 
14 and the consequent lift above the pipe. 
15 MR. GENEST: Heaving that is 
16 lensing above the pipe.' 
17 MR. SCOTT: Q Now, Dr. Slusar- | 
18 enun, f& take it that that lensing will occur not | 
19 only on top of the pipe but on the sides of the pipe 
20 as well 
21 A Yestsiy: 
22 Q Have you done any 
23 measurements or do you have the statistics which will 
24 -- or the readings which will tell us the lift associa- 
au ted with lensing in those areas? 
- A I think we have the | 
a information that we could provide that. | 
28 Q Thank you very much. 
29 A And you want the heaving 
30 


to the sides, but that is physically located in elevation 
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over top of the centre line of the pipe. Over top of 
the pipe, like over the pipe there's no question, we 
just talk about the pipe to the ground surface; but 
now at the side it starts to go all the way around 

and underneath the pipe, and all you're interested in 
is the heave of the ground that's to the side? 

Q Above the natural ground 
level. Have I made myself clear? 

A NOssir. 

Q Well maybe I don't 
understand. I'm sorry, the heave to the edges of the 
frost bulb on each side. 

MR. GENEST: The heave on each 
Side, .1.)ust, don"t ~follow, that. 

MR. SCOTT: Well, I think the 
transcript tomorrow, Mr. Genest, I'm sure it's not going 
LO be <-- 

MR. GENEST: Well, I understood 
cleaty what you said, and I know the English words 
that you used, but what you mean escapes me entirely. 
Heaving to the side is a concept that escapes my 
limited brain. Perhaps my panel will know. 

MR. SCOTT <A1'm.surprised to 
hear that. 

(LAUGHTER) 

MR. GENEST: You've known my 
brainevasgsongdserime, saMrs Scott... So ifymy panel later 
tells me that that's incomprehensible to them, I'd just 


like some explanation of what it is we're getting at. 


| 
| 
| 
| 
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Mis oCOLL: Dr. Slusarchnuk, ; 
do you have some comprehension of what I was talking 
about? 

WITNESS SLUSARCHUK: Well, I 


am not clear on what you're after when you start talking 


about over the side of the pipe. There's only a 
certain amount of soil between the top of the pipe 
and the ground surface right above the pipe, and | 
that I'm quite clear on what you're after; but when you 
start to go over the sides, do you want me to give you 
the heave of that soil that is in elevation above the 
top of the pipe, is that what you're after? 
MR. GENEST: ARE you having | 


the same trouble, Mr. Scott? 


MK SeOlirs I'm getting a 
diagram. | 
A Perhaps I -= 





Q Well, is it possible to | 
prepare for us perhaps in a diagramatic way the | 
-- a line showing the heave from the outside line of 
the frost bulb on one side across the mound and over 
to the outside limit of the frost bulb on the other? 

A You already have that, 
Bat OR ie. gure 23/4 For example, for the control 
section, maybe I can just carry that on. The ground 
directly over the pipe -- and this would be the ground 
between the pipe and six inches over the pipe, I 
believe that's where that -- or six inches between 


the normal ground surface there, if it heaved in 200 
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days,,.,are you on. figure. 237,,sir? 


Q Yes. | 





A It has heaved somewheres 
about say .8 feet. The pipe at the same time, if you | 
go to figure 256, has also heaved approximately .8 | 
feet at 200 days, so you can see that they are virtually 
heaving at the same rate. | 

Q Liesnditipaeul tito toliow 
that with not all of us looking at the diagrams. 

Would it be too much to ask that you prepare a summary 
of your measurements at Calgary as best you can? 


A Wed 1, —= | 





MR. GENEST: Showing what, 





Mr. Commissioner? I want to be helpful to Mr. Scott. | 


MR. SCOTT: Showing the 





extent to which above the stationary pipe or above the 
top of the pipe heaving has occurred as a result of -- 
heaving has occurred. 


A Well, sir, is not my 








answer now which I thought Ycouldn't dig-out of our 
figures not sufficient for you? Perhaps if you'd care | 


to look at the figures I could give you the answer 





that shows you that the pipe is heaving at the same 
rate as the ground above it, and therefore the heaving 
that is taking place over top of the pipe is virtually 
nile » Looking atthe. control section, it would be 


figure: 237. 





Q Well, the difficulty is 


that if we all followed it in our charts, it may be 
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possible for us to interpret the charts. I wonder if 
aS a matter of conveniente it isn't possible to tell con 
what those measurements are, as you've been able to 
do in other cases? The diagram is made more difficult | 
to understand by virtue of the tilt to the .pipe. | 

A Well, in both cases Saiyan 
been plotting the heave at the centre line of the 
pipe and that's what's givenOnM figure 256, and the 
heave that is given of the ground surface is also at 
the centre of the pipe. 

Q All right, what is the 


dimension of heave that is attributable merely to the 





earth above the pipe at Calgary? 
A It's very small, sir. 


Q Well, can you tell us | 


what it is? The maximum you observed. | 
A For the control section, 
Sie 
Q For any section, or for 
all of them, that's really what we want. 





A O.K., well then*l can*t i 
I’ can only give you the control section right now. | 
I'll give you the others later. 

Q I'd be obliged, thank you 


very much. i take 12 that that ‘answen, Dr. Slusarchuk , 


| 
will be for one year? 

A Well, it will take me a 
couple more days, I don't have the data with me beyond 


dave00f) but manigive it to you for one year if thats 

































2u 


lino ‘net? ,bepif{do sd bt 0 ‘ oid, @ B69 
pactinitseyle .xd ,tewens ted? gsdt +i sAes I “room grey 


| 
| 


1) aSbrow 1 -pdusno ede Gengtabel oF ag eh reteune 
Ilex of sidieseg: + Ase 2f agnegmevneo Jo todd am B oe 
od Side aes ev'voy e& ,o%e adnamotwasem esodd tedw 
+iupi2?ib evor ofem 2f metpeFh ef?  Seseno aeAhvo nF ob 
‘cole ef3 OF 3TEY Oa Yo  ‘sudziv yd bassetebay oF 
zee¢seo dtod at | ffew A 


| 


notiape foistno>o sit so A 
to? xO ,f#0isose yas *OF Qo 


t’'oso IT pede Ifow , .A.0 & 


5 om otst Ifiw ai , Liew A dias 
Sbaoyed am dtiw s2sb eit sved 2' nob I 4b 
zied? 14 assy 2mo 10% voy oF 7 


Sy 


iy bas ,3€9 Souplt SO gevip a'sadw e"jes bas eqiq 
\. sels ek sestave bawere oft 20 nevip ef sens even 


te ,ifsme -yaev Betz 4 


.wott dripitt notinse foxtna> sit yoy wig yino nso “I 


oft to anti otznes oft *6 svesd eit paitiolg nasd 


et jotie .ddpi:t IfA 0 


of yJovem eldstuditis6 ef Jadd eveed Io notenomts 


s 
r bts td 
[lao goy 


af - 


— 


.oqgta sf4# Yo axtned oft 


Tyzspie. ts saiq ead svods dix6e 


més ,iiaw Q ‘f 


.bevY¥sado uov mumixem oft “Sekt si Sew” | 


ic 
7 Site 
.tnaw ew dedw vileex e' s08F (meant to FTA 


tors! everito edt cog avit Tr’r ; & 


ae 


ALLWEST REPORTING L-TD. 
BURNABY 2, 3.C. 3262 





Ke 
Wn 

















Clark ,Hollingshead, McRoberts 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,williams 

Cross-Exam by Scott 


what you're after. 
Q Thak you. 


MR. GENEST: You won't settle 
POr.2 OD days? 

MR. SCOTT: Well, T*1i settle 
for what you have, what you have conveniently. The 
problem, Mr. Commissioner, as Mr. Genest knows, is that 
Studies have been prepared to reflect the movement of 
the pipe. It's our proposition that there may be some 
movement that iS unronnected with the pipe except by 
Virtue of the fact that the pipe has created a frost 
bulb. In terms of environmental concerns we may be 
interested to know the extent to which that exists. 

A You're not correct to 
say, sir, that tests were designed to monitor the heave 
of the pipe, because in each cross-section we have 
approximately 25 heave gauges that are monitoring the 
heave of the soil at different depths and different 
distances away from the pipe, and we only have three 
heave gauges monitoring the movement of the pipe on 
each section. 

re) Tsdon tt wanteco: argue 
but what I'm saying is however the test was designed, 
the study that is produced shows us the heave of the 


pipe, it doesn't deal with the heave above the pipe, 


assuming a stationary pipe. Now I understand that you’1lli 


be able to get that for us and, I’m -qrateful, ona 
200-day basis. 


THE COMMISSIONER: I think I 
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understand what this argument has been about. You have 
been measuring the heave, the extent to which the pipe 
itself will heave and what Mr. Scott is after is the 
extent of the heave on the surface of the earth. 

A Yes sir, and we've got 
that, and we've got those figures in here. 

Q At 200 days? 


A Yes, at 100, 150 and 200 





days. 
THE CQMMASSEONERS<¢ you know | 
what you're arguing about, and I think that's important 


MR. SCOTT: It's encouraging. 


Q Dr. Clark, let me ask 
you a couple of questions about the remedial measures | 
that you propose for the movement of drainage water, 
and the first relates to your solution which is a berm | 

water. 
break for surface drainage/ Now, I take it that a 
berm heak is really a cut in the overburden. May I 
begin again? A berm break is not necessary, except in 
a case where there is an overburden. 

WITNESS CLARK: A berm 
break would be used where there is a spoil mound or 
a berm to inhibit frost heave in frost susceptible 
ek is 

Q And the break, I take it, | 
is simply a physical cut of some width in the berm or 
overburden. 


A The ground would not be 


built up over the original level of the drainage course 
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there. 
Q So that what happens is 
that you stop your overburden for a period of time 


and that becomes the berm break. 


A That. S COLrrect. 
Q And the berm break is 
in fact the -- the base of the berm break is in fact 


the original ground level. 


A That S correct. 
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Q Now, what happens when the 
-- when frost heave occurs, and the ground all along 
the pipeline is raised at the centre? 

WITNESS CLARK: 

A That would depend upon the 
nature and frequency of our berm break, but that 
ground would come up there. 

Now, if the berm break was in 
a soil where the -- it could erode, it would downcut 
by itself, but our proposal there would be by mainten- 


ance to keep that bottom of the berm break at that 


| 

level, -- | 
| 

Q Well -- | 

A -—- so it could drain water. | 

Q =r leteys weer aig a pacesstand 


the question. ‘ 
MR. GENEST: Mr. Scott, please 
let the witness finish his answer. 


MELOSCOTT rat km sorry’. 

MR. COMMISSIONER: I think we 
might break for a cup of coffee and then take another 
run at this in a few minutes. Would that be all right 
and I think we're in need of some kind of break. 


(PROCEEDINGS ADJOURNED) 


(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 
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af CROSS-EXAMINATION BY MR. SCOTT, CONTINUED: 

? | 
3 | Q Dr. Clark, to revertto the 

4 problem I was trying to deal with before, let me give 

5 you these assumptions. You have, as I think you have 

6 | told us, the berm break at ground level. You have 
7 frost heave, elevating the pipe, the ground above | 
8 the pipe, let us say a foot; how are you going to | 
9 clear that berm break so the water won't have to go 

10 over a hump that is one foot high? | 
pm A That~particular’section 
pie which would be frozen in the winter,would thaw in the | 
i3 summer, so it would be less than the ground that 
14 remained frozen under the berm, for instance. 
Ls It would then settle a certan 
He: amount, it might still be above the level -that it 
17 started out at. There would probably be some erosion | 
18 there, and occasionally on the maintenance schedule 
ey it would be required to lower that physically. 
20 Q Well Dr. Clark, the berm 
ok break raised a foot that we are talking about -- 
22 A Yes? 
23 : Q = MUCH Ot Going -co melt 
24 during the spring run-off, is it? 

25 A It would start to melt as 
26. soon as water got to it. | 
aT Q Yes, but there would be lots! 
28 of water going over there, or wanting to go over | 
a9 there before the ground is thawed a depth of a foot? | 


30 A I would think that with 
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running water that the thawing to a foot would occur 
very rapidly. 

Q Well, I suggest to you 
that this is a problem that can only be solved by 
virtually annual maintenance of the berm breaks? 

A We would see for about the 
first three to five years, maintenance there. 

Q And that would mean going 
in and cutting them.out? Doesn’tcpt? 

A It would mean going in 
with a -- I would visualize a couple of people with 


a shovel to open up the area again. 


Q Yes. 

A A hand shovel, not a mech- 
anical one. 

Q Well now, the next matter 


is drainage through the Templeton Wall. 

A Yes, sir. 

Q As I understand there, you 
are going to put a tube of some description from one 
end of the -- or from beyond one extremity of the 
frost bulb through the frost bulb out the other end? 

A When Mr. Templeton was 
discussing that, I mentioned that we had not yet 
idetified any area where that would be required. 

We saw that as a solution if there was a shallow 
aquifer that carried water through the winter. 

Q Am I correct that you saig 
to Mr. Templeton that if there was -- let me put it 


this way. Mr. Templeton's proposition to ya, I think 
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was that the water as it passed through the frozen 


bulb, would freeze and block the bulb? That was what 
A That is what he suggested, 


Q Yes, and I understand your 
answer to that to be that if the water is flowing 
quickly, it won't freeze? 

A Imcouldnit: give-you eects 

but 


numbers,/for the six inch diameter pipe, for example, 


withonly one inch of insulation around it, the cal- 





culations would indicate that the flow required would 
be about one thousandths of a cubic foot per second, 
to keep it from freezing, a very small flow. 

Q Well, wasn't your answer 
to Mr. Templeton, that in the event that there was a 
very small flow, you would not feel it necessary to | 
run the lines through the bulb? 

A If the flow was insignifi- 
cant. 

Q If the flow was relatively 
large, however, you would, and in your judgment it 
would not freeze within the bulb and block the pipe? 

A That's correct, yes. 

Q Well let me put this situat- 
ion to oer It seems to me there is an intermediate | 
case, a -case of a flow that is great at one season of 


the year, but which begins to trickle and may ultimately 


{ 
{ 


dry up. Now what is going to be done there? 


A Well, if it's great at one 


























fssovt edt dpvordt bavenq’3i as aetew. 
sede esw tadT fdivd ort Acold bas sseex2 6 


,veteeppue ef gadw eit gent & oa A; 


tov bosterebns I Sas yesY 9 
coniwoft af sstew eft BEF godt od) Ot tsdg0os -Towens 
Seyes1t t'now SI ,yixotiup 
Su togTa voy svEp 2 tnbiues & & “h | 
,ofamaxe rot ,sqiqixsdemeib sont xke els toB\, essed 
~fso att tbh bavete noideluent Jo donk sto -yLeoyit.tw 
\vow borlupex wolt edd. ted¢ stecibal bivuew eaolssius 
haioss2 ss@ too2 oidus « to sdtbasevod? eno. Juods 6d 
.woL® Lisme yrev s . prises? mor? tf geex oF 

1owane sv0y 3 naaw ,iieW 9 
| § @aw sreds. sera tneve eds mi todd ,gozelqmeT .iM og 
od yisessoet tf fest tom bivew yoy \woliviisme yxy. 
Scdfivd edd npyordt esail sedi ovr 


(tiopient esw wol? adt TT A 


yieviislox sswrwolt: si2.2I O° asa7 

4i toomebyf xwoy ai Sas ,blvow voy jxsvewod ,sprsi 

Sagqiq- ert. Xealid bae dlod six niditiw or jon biuqw at 
| ,eey ,?oStto> e'sacdT a (Bi (aeuse . S| 
eisusie eins teq em tol Ilaw +o) EAR 1911.) | 
oJ5 ibsmresai os. et sist sm od} empoa tty, iuoy © | | . 
| to nozsese ato 35 seexp eb Asd+ wold sy RO rene a vt 
gosemistn yea Sas efdolit o¢ exiped dokdw sud c 
| ~  Sexed? snob od cd pnkop abides eee: 
| ono 35 therp. ea'si 1: ,iiew hela bp So te 


3269 
Clark, Hollingshead, McRoberts, 


BURNABY 2, B.C. 


Bieta ee ae oe kee el Dl Slusarchuk, Morgenstern, Cooper, | 


bk 


N 














Hardy, Williams 
Crequecan..byY SCOLL 


season, I would assume that you men the summer season 

Q Yes. 

A =— under that circumstance, | 
we wouldn't propose to carry the water through the 
pipe. We would carry it through the berm breaks, in 
other words, let it surface, and it would then be 
carried through the berm breaks. 

Q Well isn't there inherent 
in this, the risk that if there is any volume of 
water, you will collect great pools of water on the 


upside of the pipe? 





A It would depend on the 
Slope entirely, the size of the pool. There could 
be minor pools, but not what I would describe as 
a great pool. ‘ 

Q In any event, that is the 
solution that is proposed for cases where there is 
a flow that -- a substantial flow that diminishes in 
another season? 

A Thats Correct. 

Q Is there any prospect that 
when that happens, an icing will be created that will 


last through the season ? 





A Well the substantial 
flow is occurring in the summer, as I understand the 
scene that you set, so there would be no icing there. 
For an icing to occur, there would have to be sub- 
stantial flow in the winter, in which case we would 


be carrying it through the frozen bulb. 
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| Cross-Exam by Scott 
2 Q What about the autumn? | 
i A You would like to extend the 
4 substantial flow into the autumn? | 
5 Q Yes. | 
6 A If there is substantial | 
vf flow, it would still come to the surface in the autumn , | 
8 Diwould think. : 
=) ; Q Welly wwillcan teing not 
10 form? 
fos A I'minot sure that, vt 
12 would. The combination of circumstances required to 
13 formean: icing. 
14 Q Would you agree with me 
15 that this solution needs a lot of attention? | 
16 A I think that the particular 
17 areas need a lot of attention, but we are talking | 
18 about an area where we placed the berm to inhibit 
19 frost heave. We are also talking about sloping ground 
20 because for there to be flow the ground has to slope, 
21 and I would suggest that the amount of sloping ground 
22 in unfrozen soil where we might be required to use 
23 this particular configuration, is less than half of 1% 
24 | of the length of the line in the discontinuous zone. 
25 Q Well, is that -- 
26 | A So substantial attention 
27 | has to be given to those specific locations, but Tels | 
28 in total, not a very great length of line. So it's not 
a substantial in quantity. 

a QO Have any studies or any 
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moenaey & Bie Clark ,Hollingshead,McRoberts, | 
Slusarchuk,Morgenstern,Cooper | 
Hardy ,Williams 
Cross-Exam by Scott 
1 
2, work been done about, or any testing done of these 
3 remedies, or is it again a conceptual response to a | 
4 problem. | 
5 A Well, we haven't tested 
6 | this in the field, no. 
7 Q Have you tested it anywhere? 
8 | A We have analyzed the 
9 scope of the problem; I think, to bring,it into 
os perspective. We have developed what we feel at this 
ui time are solutions to the problem. We have subjected 
12 tose to analysis and have -- feel that they will work. 
13 Q Well, does that mean 
14 | frankly that you've analyzed it and you've sat around 
iS and talked SOA you think this is the way it's | 
16 going to be done? ‘ | 
L?, A If I understand you, ! 
18 you're asking if we have carried water through a 
19 frozen bulb in discontinuous permafrost areas, and | 
20 there has just been no opportunity to do that. 
ak Q Well, this wasn't 
D2 tested at Calgary. 
a3 : A Tt couldn't be tested 
24 at that test site. 
25) Q Why not? 
26 | A Well, there just isn't 
a7 sloping ground there, the permeability of the soil is | 
28 very low. 
29 Q And you didn't consider 
ell it desirable to simulate one? 
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Hardy ,Williams | 
l Cross-Exam by Scott | 
| 
2 A it wasn't) partiof our | 
3 objective. 
4 Q Well, the Assessment | 
3 Group raised it, the question of frost heaving above | 
6 | the chilled pipe, and Mr. Genest in the canned evidence | 
7 | at page -- at the addendum, page 3, sets out the | 
8 concern and the response -- | 
2 MR. GENEST: It's not my | 
10 evidence, Mr. Scott. ts whespanei ss 
11 MR. SCOTT: There's some 
12 disadvantage in afternoon sessions. 
13 | Q I don't want to go through 
14 | Litvagain;° Dri Clark, but) Ie taker it’ that: the! defence: is | 
15 that the -- any heaving that will result is going to 
16 be minimal, for the reasons that are fully set out on | 
17 | pages 3 and 4. | 
18 A We're dealing here with 
19 frost heaving, as I read the page concerned, and 
20 I'll read it again to make sure we're looking at the 
21 same thing. 
22 "Frost heaving around pipe buried in permafrost 
23 ; PAAG states, page 170, that although the rate 
24 Cffwater-imigration in frozen soil is low, it 
25 


could produce significant heave over the long 


26 operating life od the pipe." 

td So that we're talking about not the discontinuous 
28 permafrost zone now, but the frost heave that could 
29 


occur in continuous permafrost, is that correct? 


eer 4 Q Yes, and the nature of 
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Clark,Hollingshead, McRoberts 
Slusarchuk ,Morgenstern ,Cooper 
Hardy,Williams 

Cross-Exam by Scott 


the problem, as I understand it, is a situation in 
which you Have the chilled pipe at a lower temperature 


than the frozen soil above it. 


A Yes. 

Q Well now, you have 
listed -- and I won't ask you to go through it again 
because you've done it in detail -- your judgment and 


the reasons for it in support of the proposition that 
the heaving that results will be very modest. 


A Yes, that's correct. 


Q Well now, and I understan 


that, is theresomeone on the panel who can compare the 


process to which that concern relates with the process 
of frost heaving in unfrozen soil that we have been 
discussing this morning? Leave aside the dimensions 
of the problem. Is the process the same? 

WITNESS SLUSARCHUK: The 
frost heaving in frozen soil or in the permafrost, 
the driving gradients are the thing that moves the 
water from point A to point B to cause an ice lens, 
for example, is a thermo-gradient, and the -- 

THE COMMISSIONER: The water 
moves toward the -- 

A From the warmer part 
of the permafrost still frozen, to a colder part of 
the permafrost. 

Q Yes. 


A And one of the reasons 


that this does move is according to a law that is given 
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1 Cross=-Exam Dy Scott 


the name of 
2 /of Gibbs free energy. 


a (LAUGHTER) 
4 MRy SCOTT: I'm familiar with 


> || that law, Dr. Slusarchuk. 
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Hardy, Williams 
Cr. Exam. by Scott 


MR. *GENEST? «We ‘know it: isn't 


free. 

MR. toCORE: 

Q You are playing to the 
gallery, Dr. Slusarchuk, now answer the question. 

A No sir, that is the 
terminology that it's known by, and the -- at differ- 


ent temperatures,the ice in the water, the water that 
is unfrozen in the wrmafrost, is at a different state 
of energy than a point some place distant that's at a 
different temperature, and it's this temperature 
difference that wants to drive the water from one 
place to the next place, and so that's the mechanism 
by which the water is tending to move in the frozen 
-- in the frozen soil. 

Q Could I interrypt you? 
Do I understand that to be a different mechanism 
than the mechanism that operatesto create heaving in 
unfrozen soil? 

A It's a different mechnism 
operating in the moving water in the frozen soil, than 
is operating in the unfrozen soil bringing the water 
from the unfrozen soil to the frost front. 

Q In the frost heave situatio 
that we've been discussing this morning? 


A Yess, Sic’. 








| 
| 


Q Are there other differences | 


in the two models, the frozen ground model and the 
unfrozen ground model? 


A Well the -- I'm not that 
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Hardy, Williams | 
Cr. Exam. by Scott 


-- I'm really not that terribly familiar with any of 
the other differences that might exist? that? to 
me seems to be the major difference, other than that 
pressure seems to affect the mound of water that is 
moving in the unfrozen soil, whereas the people that 
are doing physical research in the frozen soil haven't 
come up or been talking about that sort of thing that | 
Poe erAniaLat Wit. 

Q Your dilemma seems to be 
the same as those -- as that affecting those who | 
advise me. Are you aware, and this is the purpose | 
of the question, are you aware of any report or study 
or monograph or paper that deals with this phenomena? | 

A Which one are you talking 
about now, sir? 

Q The question of the deve lop- 


ment of the process in frozen soil¢ 
A Yes, sir, there are allot 
of papers on that. 
Q Where do we find them? 


A I can give you several tens 


of them, if that's what you're after. 





Q Well I would be grateful 
for that, but have you done -- has Northern Engineering 
done any work on this phenomena that's available? : 

A Yes, we've had a close 
look at that, yes sir. 

Q Is there any report or 


study within the possession of Northern Engineering 


that touches it? 
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if 














af A We have done the study , six 
> we have not -- we do not have a report in even draught | 
3 shape yet, but we have been doing a study on that over | 
4 the past few months. | 
5 MR. SCOTT: Well, Mr. Commiss- | 
6 ioner, perhaps I can leave that subject in that way, | 
a4 and invite Mr. Genest to consult with me to determine 

8 how best the information that may be in that putative | 
9 paper can be made available to us and we don't have | 
10 to trouble you and take your time on that subject. 
Pp} Mr. Commissioner, those were 
ee) the questions that I anticipated I would have asked 
sa} and finished by one o'clock. | 
14 MR. COMMISSIONER: Well, if 

5 you're suggesting we adjourn now until tomorrow 
16 morning, I think I'll go along with that before any- | 
ligt) body has a chance to protest, so we will adjourn till | 
18 9 in the morning then , | 
ey) 
20 (PROCEEDINGS ADJOURNED TO 9:00 A.M., THURSDAY, 
ey APRIL 10TH, 1975) 
22 
23 
24 | 
25 | 
26. | 
27 | 
28 | 
29 
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